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ABSTRACT 


A  compilation  of  gas -phase  rate  data  for  use  in  nonequilibrium 
gas  composition  and  propellant  performance  calculation  programs 
is  presented.  Reactions  are  listed  with  the  preexponential 
factor,  temperature  exponent,  and  activation  energy  for  the 
Arrhenius  form  of  the  rate  equation.  Only  undirectional  rate 
data  are  supplied  since  reverse  rates  may  be  generated  from 
thermochemical  data.  Explanatory  notes  on  the  estimation  of 
the  rate  data  are  included  with  the  references. 
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INTRODUCTION 


This  report  is  a  compilation  of  gas-phase  rate  data  for  use  in 
nonequilibrium  ga6  composition  and  propellant  performance  calculation 
programs.  The  data  are  given  for  the  Arrhenius  rate  equation,  k  -  AT° 
exp  (-E/RT)  vljiere  A  is  the  frequency  factor,  T  is  the  absolute  temperature, 
n  determines  the  preexponential  temperature  dependence,  E  is  the  activation 
energy,  and  R  is  the  gas  constant.  Only  forward  rate  data  are  presented; 
rates  for  the  reverse  reactions  can  be  calculated  by  means  of  the 
equilibrium  constant. 

The  tabulation  of  the  gas-phase  rate  data  is  as  follows: 

Reactions  of  aluminum  species  (Table  l) 

1.  A1 

.  2.  A1C1,  A1C12,  A1C13 

3.  A  IP,  AIF  ,  A1F 

4.  A1H 

5.  A10 

6.  ai2o 

T.  A10C1 

8.  A10F 

9.  A10H 

10.  AlO^,  etc. 

Reactions  of  beryllium  species  (Table  2) 

1.  Be 

2.  BeCl 

3.  BeF 

4.  BeH 

5.  BeO 


Reactions  of  boron  species  (Table  3) 

Reactions  of  carbon  species  (Tables  4  and  5) 

Reactions  of  lithium  species  (Table  6) 

Reactions  of  nitrogen  species  (Table  7) 

Reactions  of  potassium  species  (Table  8) 

Reactions  of  sodium  species  (Table  9) 

Reactions  of  chlorine  (Table  10)  and  fluorine  species  (Table  ll) 
Reactions  of  oxygen  (Table  12)  and  hydrogen  species  (Table  13) 

The  order  of  the  tables  (Table  1  through  13)  is  alphabetical  with 
respect  to  names  of  the  elements.  Thus,  aluminum  reactions  come  first, 
even  if  they  involve  beryllium,  boron,  carbon,  etc.  Within  each  table, 
reactions  of  species  containing  the  major  element  are  listed  alphabetically 
with  species  containing  the  smallest  number  of  atoms  listed  first.  Among 
the  reactions  involving  two-atom  and  three-atom  species,  for  example,  the 
listing  is  alphabetical  with  respect  to  the  elements.  This  species  is 
always  listed  first  in  the  equation,  and  the  arrangement  is  based  entirely 
on  reactants,  not  products.  Catalyzed  reactions  are  listed  before 
uncatalyzed  reactions,  and  reactions  with  specific  catalysts  are  listed 
alphabetically  with  respect  to  catalysts.  The  arrangement  of  reactions 
of  a  given  species  is  alphabetical  with  respect  to  the  other  reactant 
(or  reactants).  All  reactions  with  single-atom  reactants  cone  first, 
two-atom  reactants  ore  next,  etc. 

There  are  a  number  of  exceptions  to  these  organizational  rules. 
Alphabetical  order  is  as  noted  except  for  chlorine,  fluorine,  oxygen, 
and  hydrogen;  these  ore  listed  in  that  order,  at  the  end  of  the  table 
after  sodium.  This  exception  does  not  occur  within  the  various  tables. 
Halogen  and  oxide  species  in  a  table  are  often  listed  together  instead 
of  according  to  the  numerical  rule.  A1C1,  AlCl^,  and  AlCl^  are  listed 
successively  before  A1F,  AIF^,  and  A1 Fy  which  are  all  listed  before 
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A1H.  0  and  0^  reactions  are  listed  successively  before  OH.  All  chargee 
are  ignored  in  arranging  reactions  except  when  an  isolated  electron  is  a 
reactant;  these  reactions  are  then  arranged  alphabetically  as  single¬ 
atom  reactants. 

The  references  cited  in  the  tables  show  the  source  of  the  data; 
where  no  kinetic  data  are  available,  the  constants  were  estimated  by 
recommended  procedures  as  indicated  in  the  references. 

Many  of  the  reaction  rates  are  based  on  Ref.  (2).  For  these  cases, 
rate  constants  of  nonionic  reactions  were  estimated  on  the  basis  of  the 
report  cited  in  Ref.  (l).  A,  n,  and  E  were  chosen  to  correspond  to 
those  of  similar  reactions  in  this  report.  For  exothermic  bimolecular 
reactions,  A  =  5  x  lO^  cc/mole-sec,  n  =  0.5,  2  =  5-5$  of  the  energy 
of  the  bond  being  broken  for  triatomic  transition  states  (Hirschfelder 
rule).  For  transition  states  of  more  than  three  atoms,  A  =  1  x  1011 
cc/mole-sec.  Typically,  for  exothermic  trimolecular  reactions,  A  =  3  x 
lO1^  cc2/moles2  sec,  n  =  -0.5,  and  E  =  0. 

Reactions  based  on  Ref.  (2),  involving  ions  or  electrons,  use  the 
report  in  Ref.  (2l)  as  their  basis.  For  charge  transfer  reactions, 

A  =  4  x  10^,  n  =  0.5,  and  E  =  0.  For  reactions  of  the  type  X+  +  e  +  M, 
where  M  is,  as  in  the  tables,  any  third  body  that  acts  as  a  catalyst, 

A  =  5  x  102^,  n  =  -1.5,  and  E  =  0.  For  the  type  X+  +  Y”  +  M  =  XY  +  M, 

A  =  k  x  101T,  n  =  -0.5,  and  E  =  0.  For  X  +  e  +  M  =  X"  +  M,  A  =  1  x  1020, 

n  =  -1.0,  and  E  =  0.  For  x  +  Y"  +  M  =  XY”  +  M,  A  =  4  x  lO1^,  n  =  -0.5? 

and  E  =  0.  For  exothermic  reactions  of  the  type  X"  +  Y  =  XY  +  e, 

A  =  5  x  10n,  n  =  0.5,  and  E  =  0. 

Although  many  of  the  tabulated  reactions  contain  M,  a  generalized 
third-body  catalyst,  specific  third  bodies  are  included  wherever  the 
information  is  available.  For  example,  the  hydrogen-fluorine  reactions 
(Refs.  3  and  19)  have  H^,  H,  and  HF  as  specific  third  bodies,  each  with 
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slightly  different  kf  values.  Atomic  fluorine  is  present  in  such  systems 
at  a  much  lower  concentration  and  has  a  negligible  effect  as  a  third  body; 
therefore  third-body  reactions  with  F  as  a  catalyst  are  not  listed.  When 
a  generalized  third-body  reaction  rate  was  not  available,  but  desirable, 
and  several  specific  third  body  rates  were  available,  A  for  the  generalized 
reaction  rate  has  been  obtained  from  a  weighted  geometric  mean  of  the  A's 
for  the  specific  reaction  rates.  The  weighting  is  based  on  the  concentration 
of  each  specific  third  body.  If  the  concentrations  of  the  specific  third 
bodies  are  y^,  the  weighted  geometric  mean  is 

V  =  <n 

m  1  i 

All  the  rates  associated  with  Ref.  (36)  are  hydrogen  transfer 
reactions  (AH  +  B  =  A  +  HB).  The  collision  equation  used  to  estimate 
the  rates  of  these  reactions  is  a  modification  of  the  equation  referred 
to  in  Ref.  (36).  In  units  of  cc/mole-sec,  k^.  =  2.74  x  10^  P  T^ 

rB  (®BH  gA/gAH  gB^2*  Hf:re’  E  =  °>  n  =  and  the  equation  really 

determines  A.  In  the  equation  P  =  0.1  (Bteric  factor  for  polyatomic 

reactants),  g  is  the  electronic  multiplicity,  is  the  internuclear 

distance  (in  angstroms)  between  colliding  species,  n  is  the  reduced  mass, 

and  r  is  the  number  of  equivalent  hydrogens  on  AH. 
s 
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Table  1.  Reactions  Involving  Aluminum  Species 


Reaction 

A, 

n 

E, 

Refer^ 

cc/ 

kcal/mole 

ence 

mole -sec 

A1  +  A1C12  =  2  A1C1 

1  x  10n 

0.5 

5 

2 

A1  +  A1C1F  =  A1C1  +  A1F 

1  x  10n 

0.5 

6 

2 

A1  +  A10C1  =  A120  +  Cl 

1  x  10n 

0.5 

8 

2 

A1  +  A1C13  =  A1C1  +  A1C12 

1  x  1011 

0.5 

5 

2 

A1  +  A1F2  =  2A1F 

1  x  1011 

0.5 

6 

2 

A1  +  AlOF  =  A1F  +  AlO 

1  x  1011 

0.5 

9 

2 

A1  +  A1C1F2  =  A1F  +  A1CIF 

1  x  1011 

0.5 

7 

2 

A1  +  A1C1F2  =  A1C1  +  AIF2 

1  x  1011 

0.5 

6 

2 

A1  +  AlClgF  =  A1F  +  A1C12 

1  x  1011 

0.5 

7 

2 

A1  +  A1C12F  =  A1C1  +  A1CLF 

1  x  1011 

0.5 

6 

2 

A1  +  A1F3  =  A1F  +  A1F2 

1  x  1011 

0-5 

7 

2 

A1  +  AlOH  =  A120  +  H 

1  x  1011 

0.5 

h 

2 

A1  +  AlO  +  M  ■  AlgO  +  M 

3  x  1016 

-0.5 

0 

2 

A1  +  A120+  -  Al+  +  AlgO 

5  x  10n 

0.5 

0 

2 

Al+  +  AlO  +  M  =  AlgO+  +  M 

3  x  10l6 

-0.5 

0 

2 

A1  +  AlOjpH  =  AlOH  +  AlO 

5  x  1010  . 

0.5 

6 

2 

A1  +  A102H  =  OH  +  A120 

1  x  10U 

0.5 

5 

2 

Al+  +  A102H  =  OH  +  A120+ 

1  x  1011 

0.5 

5 

2 

A1  +  A1202  =  AlO  +  AlgO 

5  x  1010 

0.5 

6 

2 

A1  +  Be+  =  Al+  +  Be 

4  X  10  • 

0.5 

0 

2 
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Table  1.  Reactions  Involving  Aluminum  Species  (Continued) 


Reaction 

» 

A ) 
cc  / 

mole -sec 

n 

E, 

kcal/mole 

Refer 

ence 

A1  +  BeCl  *  Be  +  A1C1 

5  x  10n 

0.5 

6 

2 

Al  +  BeF  =  A1F  +  Be 

5  x  10n 

0.5 

8 

2 

A1  +  BeH  *  A1H  +  Be 

8.5xl0n 

0.7 

4 

22 

Al  +  BeO  =  AlO  +  Be 

5  x  10n 

0.5 

6 

2 

A1  +  BeCIF  =  BeCl  +  A1F 

1  x  10U 

0.5 

7 

2 

Al+  +  CHO  =  Al  +  CHO+ 

5  x  10n 

0.5 

0 

2 

Al  +  CHO  =  A1H  +  CO 

1  x  10n 

0.5 

2 

2 

A1  +  Cl"  =  A1C1  +  e 

5  x  10n 

0.5 

0 

2 

A1  +  Cl0  =  A1C1  +  Cl 

5  x  10n 

0.5 

3 

2 

Al  +  Cl  +  M  =  A1C1  +  M 

3  x  10l6 

-0.5 

0 

2 

Al+  +  Cl"  +  M  -  A1C1  +  M 

A  x  1017 

-0.5 

0 

2 

A1  +  C1F  “  A1F  +  Cl 

5  x  1011 

0.5 

3 

2 

A1  +  C1F  =  A1C1  +  F 

5  x  10n 

0.5 

3 

2 

Al  +  C1H  ■  A1C1  +  H 

5  x  10U 

0.5 

6 

2 

Al+  +  C1L1  *  A1C1  +  Li+ 

1  x  10n 

0.5 

6 

2 

Al  +  C1L1  =  A1C1  +  LI 

5  x  1011 

0.5 

6 

2 

Al  +  C1K  =  A1C1  +  K 

5  x  10n  - 

0.5 

7 

2 

Al+  +  C1K  -  A1C1  +  K+ 

1  x  10n 

0.5 

7 

2 

Al  +  CINa  ■  A1C1  +  Na 

5  x  10n 

0.5 

5 

2 

Al+  +  CINa  «  A1C1  +  Na+ 

5  x  1011 

0.5 

5 

2 

Table  1.  Reactions  Involving  Aluminum  Species  (Continued) 


Reaction 

A>, 

cc/ 

mole -sec 

n 

kcal/mole 

Refer 

ence 

Al+  +  e  +  M=  Al  +  M 

5  x  1023 

-1.5 

0 

2 

A1  +  F  +  M=  A1F  +  M 

3  x  1016 

-0.5 

0 

2 

A1+  +  F"  +  M=  A1F  +  M 

k  x  1017 

-0.5 

0 

2 

A1  +  F2  *  A1F  +  F 

5  x  10n 

0.5 

2 

2 

A1  +  FH  *  ALF  +  H 

5  x  1011 

0.5 

7 

2 

Al+  +  LiH  =  A1H  +  Li+ 

1  x  10n 

0.5 

3 

2 

A1  +  FL1  =  A1F  +  Li 

5  x  10n 

o.5 

7 

2 

Al+  +  FLi  =  A1F  +  Li+ 

1  x  1011 

0.5 

7 

2 

A1  +  LiO  =  AlO  +  Li 

5  x  1011 

0.5 

5 

2 

A1  +  LiO  =  AlO  +  Li+ 

1  x  10n 

0.5 

5 

2 

A1  +  FK  =  A1F  +  K 

5  x  10n 

0.5 

7 

2 

Al+  +  FK  =  A1F  +  K+ 

1  x  10U 

0.5 

7 

2 

A1  +  FKa  =  A1F  +  Na 

5  x  10U 

0.5 

6 

2 

Al+  +  FNa  =  A1F  +  Na+ 

1  x  10 

0.5 

6 

2 

Al+  +  H~  +  M  =  A1H  +  M 

4  x  1017 

-0.5 

0 

2 

A1  +  H  +  M=  A1H  +  M 

3  x  10l6 

-0.5 

0 

2 

A1  +  H~  *  e  +  A1H 

5  x  1011 

0.5 

0 

2 

A1  +  HO  -  AlO  +  H 

5  x  10n 

0.5 

6 

2 

A1  +  LiH  =  Li  +  A1H 

3-OxlO12 

0.7 

9 

22 

A1  +  OH  +  M  *  AIDE  +  M 

t  3  x  1012 

-0.5 

0 

2 
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Table  1.  Reactions  Involving  Aluminum  Species  (Continued) 


Reaction 

AV 

cc/ 

mole -sec 

n 

E, 

keel/ mole 

Refer 

ence 

A1  +  H20  =  AJ.OH  +  H 

1  x  1011 

0.5 

6 

2 

A1  +  *  A1  +  H  +  HgO 

1  x  1010 

o.5 

6 

2 

Al+  «■  NaH  *  A1H  +  Naf 

_  ,  JL1 

5  x  10 

0.5 

7 

2 

A1  +  NaH  =  Na  +  A1H 

9.7X1011 

0.7 

6 

22 

Al*  Li  -  A1  +  Li*” 

4  x  1011 

o.5 

0 

2 

A1  +  K0+  =  Al+  +  NO 

5  x  10U 

0.5 

0 

2 

A1  +  o’  =  AlO  +  e 

5  x  1011 

o.5 

0 

2 

A1+0+M-A10+M 

3  x  10l6 

-0.5 

0 

2 

Al+  *  0"  +  M  *  A10  *■  M 

4  x  1017 

1 

O 

• 

vn 

0 

2 

A1  +  Og  *  A10  +  0 

5  x  1011 

0.5 

6 

2 

A1  +  02“  =  AlO  +  O’ 

5  x  1011 

0.5 

6 

2 

Al+  +  Og"  =  AlO  ♦  0 

5  x  1011 

0.5 

6 

2 

Al+  +  K  »  A1  ^  K+ 

4  x  1011 

0.5 

0 

2 

Al+  +  Na  =  A1  +  Na 

4  x  1011 

C.5 

0 

2 

A1  +  NaO  *  AlO  +  Na 

5  x  1011 

0.5 

4 

2 

Al+  +  NaO  -  AlO  Na+ 

5  x  1011 

0.5 

6 

2 

A1C1  ♦  AlC  l  ^  --  2A1C12 

1  x  1C11 

0.5 

5 

2 

A1C1  +  AlClgF  *  AlClg  +  A1CJJ 

1  x  10U 

0.5 

6 

2 

A1C1  +  A1C1F2  *  2 AlC  IF 

1  x  1011 

0.5 

7 

2 

AlClg  +  ALFg  *  A1C1  +  AlCIFg 

1  x  1011 

0.5 

5 

2 
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Table  1.  Reactions  Involving  Aluminum  Species  (Continued) 


Reaction 

A, 

n 

E,  Refer- 

cc/ 

kcal/mole  ence 

mole -sec 

A1C12  +  A1F2  =  A1F  +  AlClgF  1  x 
A1C13  +  A1F  =  A1C1F  +  A1C12  1  x 
A1C1  +  AlO  =  A10C1  +  A1  lx 
A1C1  +  AlO  =  A120  +  Cl  lx 
A1C1  +  A102H  =  A10C1  +  AlOH  1  x 
A1C12  +  AlO  =  A1C1  +  A1C10  1  x 
A1C1  +  BeCl  =  A1C12  +  Be  lx 
A1C1  ♦  BeCl  =  A1  +  BeCl?,  1  x 
A1C12  +  BeCl  =  A1C1  +  BeClg  1  x 
A1C12  +  BeCl  =  A1C13  +  Be  lx 
A1C13  +  BeCl  =  A1C12  +  BeClg  lx 
A1C1  +  BeF  =  BeCIF  +  A1  lx 
A1C1  +  BeF  ~  A1C1F  +  Be  lx 
A1C12  +  BeF  =  AlClgF  +  Be  lx 
A1C12  +  BeF  =  BeFCl  +  A1C1  1  x 
A1C1  +  C02  =  CO  +  A1C10  5  x 
A1C1  +  F2  -  A1C1F  +  F  lx 
A1C12  +  F  =  AlFClg  1  x 
A1C1  +  C1F  =  A1C1F  +  Cl  lx 
AlClg  +  KF  =  AlClgF  +  K  1  X 


10U 

11 

0.5 

6 

2 

10 

0.5 

5 

2 

10U 

0.5 

6 

2 

1011 

0.5 

6 

2 

1011 

0.5 

6 

2 

1011 

0.5 

5 

2 

1011 

0.5 

6 

2 

10U 

0.5 

6 

2 

10U 

0.5 

5 

2 

!0U 

0.5 

6 

2 

xo11 

0.5 

5 

2 

10U 

0.5 

6 

2 

10U 

0.5 

8 

2 

1011 

0.5 

8 

2 

10U 

0.5 

5 

2 

1010 

0.5 

7 

2 

1011 

0.5 

2 

2 

10U 

0.5 

0 

2 

1011 

0.5 

3 

2 

10U 

0.5 

7 

2 
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Tabic  1.  Reactions  Involving  Aluminum  Species  (Continued) 


Reaction 

cc  / 

mole -sec 

n 

kcal/oole 

Refer¬ 

ence 

A1C1  +  RaF  «  A1C1F  +  Ra 

1  x  10U 

0.5 

7 

2 

A1C12  +  RaF  =  AlClgF  +  Ra 

1  x  10n 

0.5 

6 

2 

A1C1  +  Cl  +  M  =  A1C12  +  M 

3  x  10l6 

-0.5 

0 

2 

A1C1  +  Cl"  =  A1C12  +  e 

1  x  1011 

0.5 

0 

2 

A1C1  +  Clg  *  A1C12  +  Cl 

1  x  10n 

0.5 

3 

2 

A1C1  +  C1F  =  A1C12  +  F 

1  x  10n 

0-5 

3 

2 

AlClg  +  Cl  =  A1C13 

1  x  10n 

0.5 

C 

2 

AlClg  +  Cl"  =  A1C13  +  e 

1  x  1011 

0.5 

0 

2 

A1C1  +  F  +  M  *  A1FC1  +  M 

16 

3  x  10 

— 0.5 

0 

2 

A1C1  +  KF  *  A1C1F  +  K 

1*10U 

0.5 

7 

2 

A1C12  +  H  *  A1C1  +  HC1 

1  x  1011 

0.5 

5 

2 

A1C13  +  H  =  1C1  +  AlClg 

1  x  1011 

0.5 

5 

2 

A1C1  +  LiO  *  A10C1  +  Li 

1  x  1011 

0.5 

6 

2 

A1C12+  Li  -  A1C1  +  L1C1 

1  x  1011 

0.5 

5 

2 

A1C13+  LI  =  UC1  +  AlClg 

1  x  1011 

0.5 

5 

2 

A1C1  +  M  +  0  «  A10C1  +  M 

3  x  10l6 

-0.5 

0 

2 

A1C1  +  0"  «  A10C1  +  e 

1  x  1011 

0.5 

0 

2 

A1C1  +  0"  =  A10  +  Cl" 

5  x  10U 

0.5 

3 

2 

A1C1  +  02  «  A10C1  +  0 

1  x  10U 

0.5 

6 

2 

A1C1  +  02"  -  A10C1  +  0" 

1  x  10U 

0.5 

5 

2 

-10- 


Table  1.  Reactions  Involving  Aluminum  Species  (Continued) 


Reaction  A,  n  E,  Refer 

cc  /  kcal/mole  ence 

■ole -sec 


A1C12  +  0  =  A10C1  +  Cl  lx 
A1C12  +  0”  =  A10C1  +  Cl'  lx 
A1C12  +  K  =  A1C1  +  KC1  5  x 
AIC13+  K  =  KC1  +  A1C12  1  x 
A1C12  +  Na  =  A1C1  +  NaCl  1  x 
A1C1  ♦  NaO  -  A10C1  +  Na  lx 
A1C13  +  Na  =  NaCl  +  AlClg  5  x 
A1C1F  +  A1F2  ■  A1F  +  AlCIFg  1  x 
A1C1F  +  A1F2  =  A1C1  +  A1F3  1  X 
A1C1F  +  AlO  =  A1F  +  A10C1  1  x 
A1C1F  +  AlO  «  A1C1  +  AlOF  1  x 
A1C1F  +  BeCl  *  A1FC12  +  Be  lx 
A1C1F  +  BeCl  «  A1C1  +  BeCIF  1  x 
A1FC1  +  BeCl  -  BeClg  +  A1F  lx 
A1FC1  +  BeCl  =  AlFClg  +  Be  lx 
A1C1F  +  BeF  =  AlClF2  +  Be  lx 
A1C1F  +  BeF  -  A1C1  +  BeFg  1  x 
ALC1F  +  BeF  =  BePCl  +  A1F  lx 
A1C1F  +  Cl  -  AlClgF  1  x 
A1C1F  +  F  =  AlCIFg  1  x 


10U 

0.5 

5 

2 

10 

0.5 

5 

2 

10 

0.5 

5 

2 

n 

10 

0.5 

5 

2 

10U 

0.5 

5 

2 

11 

10 

0.5 

4 

2 

10 

10 

0.5 

5 

2 

10U 

0.5 

6 

2 

1011 

0.5 

7 

2 

10U 

0.5 

6 

2 

11 

10 

0-5 

7 

2 

1011 

0.5 

6 

2 

11 

10 

0.5 

7 

2 

_  _11 

10 

0.5 

6 

2 

10U 

0.5 

6 

2 

10U 

0.5 

8 

2 

1011 

0.5 

7 

2 

10U 

0.5 

6 

2 

10U 

0.5 

0 

2 

1011 

0.5 

0 

2 
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Table  1.  Reactions  Involving  Aluminum  Specie*  (Continued) 


Reaction 

«/ 

mole -sec 

n 

kcal/mole 

Refer 

ence 

A1C1F  +  KF  =  A1C1F2  +  K 

1  x  10U 

0-5 

7 

2 

A1C1F  +  NaF  *  AlCIFg  +  Na 

1  x  10U 

0.5 

6 

2 

A1C1F  +  H  -  A1C1  +  HF 

1  x  10n 

0.5 

7 

2 

A1C1F  +  H  «  A1F  +  HC1 

1  x  10n 

0-5 

6 

2 

A1C1F  +  Li  =  A1C1  +  L1F 

1  x  1011 

0.5 

7 

2 

A1C1F  +  Li  =  AlP  +  L1C 1 

1  x  1011 

0.5 

6 

2 

A1C1F  +  0"  “  AlOF  +  Cl" 

5  x  1010 

0.5 

6 

2 

A1C1F  +  O'  -  A10C1  +  F* 

5  x  1010 

0.5 

7 

2 

A1C1F  ^  0  =  AlOF  +  Cl 

1  x  1011 

0.5 

6 

2 

A1C1F  +  Na  «  A1F  +  NaCl 

1  x  10U 

0.5 

6 

2 

AlClgF  +  A1F  =  2A1C1F 

1  x  1011 

0.5 

6 

2 

AlClgF  +  BeCl  =  BeCIF  +  AlClg 

1  x  1011 

0.5 

8 

2 

AlClgF  +  BeCl  =  BeCl2  +  AIFC1 

1  x  1011 

0.5 

6 

2 

AlCIFg  +  BeF  =  BeF2  +  A1C1P 

1  x  1011 

0.5 

8 

2 

A1C1F2  +  Be?  =  BeFCl  +  AlFg 

1  x  10U 

0.5 

6 

2 

A'.C12F  ►  H  =  A1C1F  +  HC1 

1  x  lo11 

0.5 

6 

2 

AlClgF  «•  H  =  AlClg  +  HF 

1  x  1011 

0-5 

7 

o 

AlCl.gF  +  Li  =  Li?  +  A1C12 

1  x  1011 

0-5 

7 

2 

AlClgF  +  Li  =  LiCl  +  A1C1F 

1  x  1011 

0.5 

6 

2 

AlClgF  +  K  =  KC1  +  A1C1F 

1  x  10n 

0-5 

6 

2 
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Table  1.  Reactions  Involving  Aluminum  Species  (Continued) 


Reaction 

A, 

cc/ 

mole -sec 

n 

E, 

kcal/mole 

Refer 

ence 

AlClgF  +  Na  -  A1C1F  +  NaCl 

1  x  1011 

0.5 

•  6 

2 

A1C1F2  +  BeCl  =  BeClg  +  AlFg 

1  x  1011 

0.5 

6 

2 

AlCIFg  +  BeCl  =  Be  PCI  +  A1FC1 

1  x  10n 

0.5 

8 

2 

A1C1F2  +  BeF  =  AlFg  +  BeCIF 

1  x  1011 

0.5 

6 

2 

A1C1F2  +  BeF  =  A1C1F  +  BeFg 

1  x  10n 

0.5 

8 

2 

aicif2  +  h  =  aif2  +  HC1 

1  x  1011 

0.5 

6 

2 

A1C1F2  +  H  =  A1C1F  +  HF 

1  x  1011 

0.5 

7 

2 

A1C1F2  +  Li  =  A1F2  +  LiCl 

1  x  1011 

0.5 

6 

2 

A1C1F2  +  Li  =  A1C1F  +  LiF 

1  x  1011 

0.5 

7 

2 

A1F  +  AlOgH  =  AlOF  +  AlOH 

1  x  1011 

0.5 

6 

2 

A1F  +  Alg  02  =  AlOF  +  AlgO 

1  x  10U 

0-5 

6 

2 

2A1F2  =  A1F  +  A1F3 

1  x  1011 

0.5 

6 

2 

AlFp  AlO  =  A1F  +  AlOF 

1  x  1011 

0.5 

6 

2 

A1F  +  BeCl  -  A1C1F  +  Be 

1  x  1011 

0.5 

6 

2 

AlFg  +  BeCl  =  AlCIFg  +  Be 

1  x  lo11 

0.5 

6 

2 

AlFg  +  BeCl  =  BeCIF  +  A1F 

1  x  1011 

0.5 

6 

2 

A1F  +  BeO  =  AlOF  +  Be 

1  x  1011 

0.5 

9 

2 

A1F  +  BeF  =  Be  +  AlFg 

1  x  1011 

0.5 

8 

2 

A1F  +  BeF  =  BeFg  +  A1 

1  x  10U 

0.5 

9 

2 

AlFg+  BeF  =  BeFg  +  A1F 

1  x  1011 

0.5 

6 

2 
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Table  1.  Reactions  Involving  Aluminum  Species  (Continued) 


Reactions 

cc/ 

mole -sec 

n 

kcal/mole 

Refer 

ence 

A1F2+  BeF  =  Be  +  AIF^ 

1  x  1011 

0.5 

8 

2 

A1F3  +  BeF  =  BeF2  +  A1F2 

1  x  10U 

0.5 

8 

2 

A1F  +  Cl  +  M  -  A1C1F  +  M 

3  x  1016 

-0.5 

0 

2 

aif2  +  Cl  =  aicif2 

1  x  1C11 

0.5 

0 

2 

A1F2  +  KC1  =  A1C1F2  ♦  K 

1  x  10U 

0.5 

6 

2 

A1F  +  C1F  =  A1C1F  +  F 

1  x  1011 

0.5 

3 

2 

A1F2  +  NaCl  =  A1C1F2  +  Na 

1  x  1011 

0.5 

5. 

2 

A1F2  +  KF  =  A1F3  +  K 

1  x  10n 

o  5 

7 

2 

A1F  +  C1F  *  A1F2  +  Cl 

1  x  10U 

0.5 

3 

2 

A1F  +  F  +  M  =  A1F2  +  M 

3  x  1016 

-0.5 

0 

2 

A1F  +  F2  =  A1F2  +  F 

1  x  1011 

0.5 

2 

2 

aif2  +  f  =  aif3 

1  x  10U 

0.5 

0 

2 

aif2+  hf  =  h  +  aif3 

1  x  10U 

0-5 

7 

2 

AlFg+  LiF  =  Li  +  A173 

1  x  10U 

0.5 

7 

2 

A1F  +  NaF  *  AlFg  ♦  Na 

1  x  10U 

0.5 

6 

2 

AlFgt-  NaF  =  Na  +  Al?3 

1  x  10U 

0.5 

6 

2 

A1F2  +  H  =  A1F  +  HF 

1  x  1011 

0.5 

6 

2 

A1F  +  OH  =  AlOF  +  R 

1  x  1011 

0.5 

6 

2 

A1F2  +  Li  =  A1F  +  FLi 

1  x  1011 

0.5 

9 

2 

A1F  +  LiO  =  AlOF  +  Li 

1  x  10U 

0.5 

5 

2 
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Table  1.  Reaction*  Involving  Aluminum  Species- (Continued) 


Reaction 

k>/ 
cc  / 

mole -sec 

n 

kcal/mole 

Refer 

ence 

A1F  +  0  +  M  =  A10F  +  M 

3  x  10l6 

-0.5 

0 

2 

ALF2  +  0  =  A10F  +  F 

1  x  1011 

0-5 

6 

2 

A1F  +  02"  «  A10F  +  O' 

1  x  1011 

0.5 

5 

2 

A1F2  +  K  =  A1F  +  FK 

5  x  1011 

0-5 

6 

2 

A1F  +  NaO  =  A10F  +  Na 

1  x  10U 

0.5 

h 

2 

A1H  +  A10  =  A10H  +  A1 

1  x  1011 

0.5 

h 

2 

A1H  +  A10  =  A120  +  H 

1  x  1011 

0.5 

b 

2 

A1H  +  BeH  =  BeHg  +  A1 

1  x  1C11 

0-5 

b 

2 

AlH  +  BeO  =  BeOH  +  A1 

lxlOU 

0-5 

b 

2 

A1H  +  BeO  =  A10H  +  Be 

1  X  1011 

0.5 

6 

2 

ALH  +  B  =  Al  +  BH 

2AX1012 

0.7 

8 

22 

AlH  +  C  =  Al  +  CH 

1.4xl012 

0.7 

13 

22 

AlH  +  CN  =  A1  +  HCN 

1  x  1011 

0.5 

b 

2 

AlH  +  Cl  =  A1C1  +  H 

5  x  1011 

0.5 

b 

? 

ALH  +  Cl  =  Al  +  HCx 

lAxlO11 

0.7 

8 

22 

AlH  +  F  =  Al  +  HF 

1.5X1011 

0.7 

6 

22 

ALH  +  H  =  Al  +  Hg 

9 . lxlO11 

0.7 

b 

22 

AlH  +  NH  =  Al  +  NHg 

1  x  1011 

0-5 

b 

2 

AlH  +  LiO  =  Al  +  LiOH 

1  x  1011 

0.5 

b 

2 

5.6x10 


11 


AlH  +  N  =  Al  +  HN 


0.7 


6 


22 


Table  1.  Reactions  Involving  Alunlnua  Species  (Continued) 


Reaction 

cc/ 

mole -sec 

n 

kcal/mole 

Refer 

ence 

A1H  + 

0  =  A1  +  HO 

2.8xlOU 

0.7 

8 

22 

A1H  + 

0"  =  A1  +  OH” 

5  x  10n 

0.5 

3 

2 

A1H  + 

0  =  AlO  +  H 

5  x  10U 

0.5 

4 

2 

A1H  + 

OH  =  A10H  +  H 

5  x  1010 

0.5 

6 

2 

AIR  + 

OH  =  A1  +  HgO 

1  x  10n 

0.5 

4 

2 

AIR  + 

NaO  =  A1  +  NaOH 

1  x  1011 

0.5 

4 

2 

2A10  « 

=  A!202 

1  x  1011 

0.5 

0 

2 

2A10  = 

=  A120  +  0 

1  x  1011 

0-5 

6 

2 

A10  + 

A10H  =  A120  +  OH 

1  x  1011 

0.5 

4 

2 

A10  + 

A10H  =  AlgOg  +  H 

1  x  1011 

0.5 

5 

2 

AlO  + 

ai2o+  =  ai+  +  ai2o2 

1  x  1010 

0.5 

6 

2 

AlO  + 

BeCl  =  A10C1  +  Be 

1  x  1011 

0.5 

6 

2 

AlO  + 

BeH  =  A10H  +  Be 

1  x  1011 

0.5 

3 

2 

AlO  + 

BeOH  =  BeO  +  A10H 

1.3xl0n 

o.5 

0 

36 

AlO  + 

CHp  =  CH  +  A10H 

4 . 3x1 O11 

0.5 

0 

36 

AlO  + 

CH3  =  CHg  +  AlOH 

2.5X1011 

0.7- 

6 

22 

AlO  + 

CH4  =  CH3  +  AlOH 

12 

2.2x10 

0.7 

10 

22 

AlO  + 

HCO  =  CO  +  AlOH 

6  x  1010 

0.7 

4 

22 

A  0  + 

H2C0  =  HCO  +  AlOH 

2. Txl O11 

0.7 

10 

22 

AlO  + 

K CH  =  CN  +  AlOH 

5 . IxlO11 

0.7 

21 

22 
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Table  1.  Reactions  Involving  Aluminum  Species  (Continued) 


Reaction 

A, 

n 

E,  Refer- 

cc/ 

kcal/raole  ence 

mole -sec 

A10  +  CO  =  A1  +  C02  1 
A10  +  M  +  Cl  =  A1C10  +  M  3 
A10  +  Cl  =  A1C1  +0  5 
A10  +  Cl"  =  A10C1  +  e  1 
A10  +  Cl2  =  A10C1  +  Cl  1 
A10  *  C1P  =  A10F  f  Cl  1 
A10  +  C1F  =  A10C1  +  F  1 
A1C  +  HC1  =  A10C1  +  H  1 
A10  +  NaCl  =  A10C1  +  Na  1 
A10  +  F  +  M  =  A10F  +  M  3 
A10  +  F  =  A1F  +  0  5 
A10  +  F2  ^  A10F  +  F  1 
A10  *•  KF  -  A10F  +  H  1 
A10  +  LiF  =  A10F  +  Li  1 
A10  +  KF  =  A10F  +  K  1 
A10  *■  NaF  =  'A10F  +  Na  1 
A10  ♦  H"  =  A1  +  OH"  5 
A10  +  H  +  M  =  A1H0  +  M  3 
A10  +  LiH  =  A10H  +  Li  1 
A10  +  OH  =  HA102  1 
1 


x  1011 

0.5 

6 

2 

x  10 

-0.5 

0 

2 

x  lo11 

0.5 

6 

2 

x  1011 

0.5 

0 

2 

n 

x  10 

0.5 

3 

2 

x  1011 

0.5 

3 

2 

x  1011 

0-5 

3 

2 

x  1011 

0-5 

6 

2 

x  1011 

0.5 

6 

2 

x  10^w 

-0.5 

0 

2 

x  1011 

0.5 

6 

2 

x  1011 

0-5 

2 

2 

x  1011 

0.5 

7 

2 

n 

x  10 

0.5 

7 

2 

li 

x  10 

0-5 

7 

2 

x  1011 

0.5 

6 

2 

x  1011 

0.5 

6 

2 

x  10 

-0.5 

0 

2 

x  1011 

0.5 

3 

2 

11 

x  10 

0.5 

0 

2 
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Table  1.  Reactions  Involving  Aluminum  Species  (Continued) 


Reaction 

♦ 

A, 

cc/ 

mole -sec 

n 

kcal/mole 

Refer 

ence 

A10  +  OH*  *  AlOgH  +  e 

1  x  1011 

0.5 

0 

2 

AlO  +  HNO  *  NO  +  A10H 

3.2xlOU 

0.5 

0 

36 

AlO  +  HgO  *  OH  +  A10H 

8AxlOU 

0-5 

0 

36 

AlO  +  NHg  =  NH  +  A10H. 

12 

1.1x10 

0.5 

0 

36 

AlO  +  NH3  =  NHg  +  AlOH 

6.6xlOU 

0.5 

0 

36 

AlO  +  NaOH  =  NaO  +  AlOH 

l.UxlOU 

0.5 

0 

36 

AlO  +  NaH  =  AlOH  +  Na 

1  x  10n 

0.5 

3 

>-  2 

AlO  +  N  =  A1  +  ON 

5xl0n 

0.5 

6 

2 

A1.0  +  A10C1  =  ALC1  +  Alo0o 

d  d  d 

1  X  1011 

0.5 

8 

2 

AlgO  t  AlOgH  =  AlOH  +  A1202 

5  X  1010 

0.5 

6 

2 

AlgO  +  Be+  =  AlgO+  +  Be 

h  x  10U 

0-5 

0 

2 

AlgO  +  BeO  =  Be  +  AlgOg 

1  x  10U 

0.5 

6 

2 

AlgO+  +  Cl  =  Al+  +  A10C1 

1  x  10n 

0.5 

6 

2 

AlgO+  +  Cl"  =  A1  +  A10C1 

1  x  1011 

0.5 

6 

2 

AlgO+  +  M  +  e  =  AlgO  ♦  M 

5  x  1023 

-1.5 

0 

2 

AlgO  +  F  =  A1+  AlOF 

1  x  1011 

0.5 

7 

2 

AlgO  +  F  *  A1F  +  AlO 

1  x  10U 

0.5 

6 

2 

AlgO+  +  F  »  Al+  +  AlOF 

1  x  1010 

0.5 

7 

2 

AlgO+  +  F*  -  A1  +  AlOF 

1  x  10U 

0.5 

7 

2 

AlgO+  +  H*  =  A1  +  AlOH 

1  x  10U 

0.5 

6 

2 
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Table  1.  Reactions  Involving  Aluminum  Species  (Continued) 


Reaction 

A ) 
cc/ 

mole -sec 

n 

kcal/ mole 

Refer¬ 

ence 

A120  +  OH  -  H  +  A12C2 

1  x  1011 

0-5 

6 

2 

A120  +  Li+  =  A120H  +  Li 

4  x  1011 

0.5 

0 

2 

Alo0  +  0"  =  A1m0o  +  e 

d  c  d 

1  x  10U 

0.5 

0 

2 

A120+  +  0‘  =  AlpOg 

1  x  1011 

0.5 

0 

2 

A1?0  +  0?"  =  0"  +  AJ-jjOjj 

5  x  1010 

0.5 

5 

2 

A120+  +  K  =  K  +  AlgO 

4  x  1011 

0.5 

0 

2 

A120+  ^  No  =  Na++  AlgO 

5  x  1011 

0.5 

0 

2 

A10C1  +  Be  =  BeO  +  A1C1 

1  x  1011 

0.5 

8 

2 

A10C1  +  F  =  0  +  AlCiF 

1  x  1011 

0-5 

8 

2 

A10C1  +  H  =  A1C1  +  OH 

1  x  1011 

0-5 

8 

2 

A10C1  +  Li  =  A10  +  LiCl 

1  x  10n 

o.5 

8 

2 

A10C1  +  K  =  A10  +  KC1 

1  x  10n 

0.5 

3 

2 

A10F  +  Be  =■•  A  IF  +  BeO 

1  x  lo11 

0.5 

8 

2 

A10F  +  CO  =  All’  +  C02 

1  x  1011 

0.5 

8 

2 

A10F  +  F  =  0  +  A1F2 

1  x  1010 

0.5 

8 

2 

A10F  +  N  =  A1F  +  NO 

1  x  1011 

0.5 

6 

2 

A10F  +  0  =  /OF  +  02 

1  x  1011 

0.5 

6 

2 

A10H  L  BeH  =  BeH?  +  A10 

1  x  1011 

0.5 

4 

2 

A10H  +  BeOH  =  BeOgHg  +  A1 

1  x  1011 

0.5 

$ 

'V... 

2 

A10H  +  BeO  =  +  AlOgH 

1  X  1011 

o.5 

6 

2 

.  % 
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Table  1.  Reactions  Involving  Aluminum  Species  (Continued) 


Reaction 

A, 

n 

E, 

Refer- 

cc/ 

kcal/nole 

ence 

mole-sec 

A10H  +  BaO  =  EeOH  +  A10 

1  x  10U 

0.5 

4 

2 

A10H  +  CH  =  A10  ♦  CHg 

4  x  1010 

0.7 

2 

22 

A10H  +  CN  *  A10  +  HCN 

1  x  10U 

0.5 

4 

2 

A10H  +  Cl  ■  A1C1  +  OH 

5  x  1010 

0.5 

5 

2 

A10H  +  Cl  =  A10  +  HC1 

1.4xlOU 

0.5 

0 

36 

A10H  +  Cl  =  A10C1  +  H 

1  x  10U 

0.5 

4 

2 

A10H  +  F  =  A10F  +  H 

1  x  10n 

0.5 

4 

2 

A10H  +  F  =  A1F  +  OH 

1  x  1011 

0.5 

5 

2 

A10H  +  F  =  A10  +  HF 

1.8x1c11 

0.5 

0 

36 

A10H  +  H  =  A10  +  Hg 

1.2xl0n 

0.7 

5 

22 

A10H  +  OH  =*  A10  +  HgO 

2.1xlOU 

0.5 

0 

36 

A10H  +  L10  =  A10  +  LiOH 

1  x  10U 

0.5 

4 

.  2 

A10H  +  N  =  A10  +  NH 

1  x  10U 

0.5 

4 

2 

A10H  +  NH  =  A10  +  HHg 

1  x  1011 

0.5 

4 

2 

A10H  +  0“  *  AlOgH  +  e 

1  x  1011 

0.5 

0 

2 

A10H  +  0  =  A10  +  OH 

3-7X1011 

0.5 

0 

36 

•Moii  '+  0"  «  A10  *■  OK 

-  1  x  1011 

0.5 

4 

2 

A10H  +  NaO  =  A10  +  NaOH 

3-lxlO11 

0.5 

0 

36 

Al0oH  +  Be  «  3eOH  +  A10 

£ 

1  x  1011 

0.5 

5 

2 

AlOgH  +  BeOH  -  BeOgHg  +  A10 

1  x  1011 

0.5 

5 

2 
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Table  1.  Reactions  Involving  Aluminum  Species  (Concluded) 


Reaction  A,  n  E,  Refer¬ 
ee/  kcal/mole  enCe 

mole -sec 


AlOgH  +  CO  =  COg  +  A10H  5  x 
AlOgH  +  Cl  *  A10C1  +  OH  5  x 
AlOgH  +  Cl“  ■  A10C1  +  OH'  lx 
AlOgH  +  F  »  A10F  +  OH  lx 
AlOgH  +  F"  =  AlOF  +  0H“  5  x 
AlOgH  +  H  =  HgO  +  AlO  lx 
AlOgH  +  H  =  AlOH  +  OH  5  x 
AlOgH  +  Li  =  LICK  +  AlO  lx 
AlOgH  +  Li  =  AlOH  +  LiO  lx 
AlOgH  +  N  =  NO  +  AlOH  5  x 
AlOgH  +  0  =  Og  +  AlOH  5  X 
AlOgH  +  K  =  KOH  +  AlO  lx 
AlOgH  +  Na  =  Na  OH  +  AlO  5  x 
AlOgH  +  Na  =  AlOH  +  NaO  5  x 
AigOg  +  CO  =  AlgO  ♦  COg  5  x 
AigOg  +  N  =  NO  +  AlgO  1  x 
AigOg  +  0  =  Og  +  AlgO  1  x 


1010 

0.5 

6 

2 

1010 

0.5 

5 

2 

1010 

0.5 

6 

2 

1011 

0.5 

5 

2 

1010 

o.5 

5 

2 

in 

10 

0.5 

5 

2 

1010 

0.5 

6 

2 

10U 

0.5 

5 

2 

1011 

0.5 

6 

2 

1010 

0.5 

6 

2 

10 

10 

0.5 

6 

2 

10n 

0.5 

5 

2 

10  ' 

10 

0.5 

5 

2 

1010 

0.5 

6 

2 

1010 

0.5 

6 

2 

1011 

0.5 

6 

2 

10U 

0.5 

6 

2 
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Table  2.  Reactions  Involving  Beryllium  Species 


Reaction 

A; 

cc/ 

mole -sec 

n 

kcal/mole 

Refer¬ 

ence 

Be  +  BeOgHg  *  2BeOH 

1  x  1011 

0.5 

5 

2 

Be  +  HCO  *  BeH  +  CO 

1  x  10U 

0.5 

2 

2 

Be  +  CL  +  M  *  BeCl  +  M 

3  x  10l6 

-0.5 

0 

2 

Be+  +  Cl"  +  M  =  BeCl  +  M 

4  x  1017 

-0.5 

0 

2 

Be  +  Clg  *  BeCl  +  Cl 

5  x  1011 

0.5 

3 

2 

Be  +  C1F  *  BeCl  +  F 

5  x  10n 

0-5 

3 

2 

Be  +  C1F  »  BeF  +  Cl 

5  x  10U 

0.5 

3 

2 

Be+  +  LiCl  =  BeCl  +  Ll+ 

1  x  10n 

0.5 

6 

2 

Be+  +  NaCl  =  BeCl  +  Na+ 

1  x  10U 

0.5 

5 

2 

Be+  +  e+  M  =  Be  +  M 

5  x  1023 

-1.5 

0 

2 

Be  +  F  +  M  =  BeF  ♦  M 

3  x  10l6 

-0.5 

0 

2 

Be+  +  F"  +  M  =  BeF  +  M 

k  x  10n 

-0.5 

0 

2 

Be  +  Fg«  BeF  +  F 

5  x  1011 

0.5 

3 

2 

Be+  +  LiF  *  BeF  +  Li+ 

1  x  1011 

0.5 

7 

2 

Be+  +  JlaF  *  BeF  +  US* 

I  x  1011 

0.5 

6 

2 

Be  +  H  +  M  a  BeH  +  M 

3  x  1016 

-0.5 

0 

2 

Be  +  OH  ♦  M  =  Be  OH  +  M 

3  x  1016 

-0.5 

0 

2 

Be  +  HO  *  BeO  +  H 

,  5  x  1011 

0.5 

6 

2 

Be  +  HgO  -  BeOH  +  H 

1  x  1011 

0.5 

6 

2 

Be  +  HaH  =  BeH  +  Ra 

2.2X1012 

0.7 

9 

22 
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Sable  2.  Reactions  Involving  Beryllium  Species  (Continued) 


Reaction 

cc) 

mole -sec 

n 

kcal/mole 

Refer¬ 

ence 

Be+  +  NaH  =  BeH  +  Na+ 

1  x  1011 

0.5 

3 

2 

Be+  +  Li  =  Be  +  Li* 

4  x  1011 

0.5 

0 

2 

Be+  +  LiH  =  BeH  +  Li+ 

1  x  1011 

0.5 

3 

2 

Be  +  LiO  =  BeO  +  Li 

5  x  1011 

0.5 

5 

2 

Be+  +  LiO  =  BeO  +  Li'*’ 

1  x  1011 

0.5 

5 

2 

Be+  +  NO  =  Be  +  NO+ 

< 

4  x  1011 

0.5 

0 

2 

/ 

Be  +  o”  =  e  +  BeO 

5  x  10n 

0.5 

0 

2 

Be  +  0  +  M  =  BeO  +  M 

3  x  1016 

-0.5 

0 

2 

Be+  +  0"  +  M  =  BeO  +  M 

4  x  1017 

-0.5 

0 

2 

Be  +  02"  =  BeO  +  0" 

5  x  1011 

0-5 

5 

2 

Be+  +  Og”  *  BeO  +  0 

5  x  10U 

0.5 

5 

2 

Be+  +  NaO  -  BeO  +  Na+ 

1  x  1011 

0.5 

4 

2 

Be  +  NaO  =  BeO  +  Na 

5  x  1011 

0-5 

4 

2 

Be+  +  Na  =  Be  +  Na+ 

4  x  1011 

0.5 

0 

2 

2BeCl  =  Be  +  BeClg 

1  x  10U 

0.5 

6 

2 

BeCl  +  BeF  =  BeCIF  +  Be 

1  x  10U 

0.5 

8 

2 

BeCl  +  M  +  Cl  =  BeClg  +  M 

3  x  10l6 

-0.5 

0 

2 

BeCl  +  Cl"  =  e  +  BeClg 

1  x  10U 

0.5 

0 

2 

BeCl  +  Clg  =  BeClg  +  Cl 

1  x  1011 

0.5 

3 

2 

BeCl  +  C1F  =  BeClp  +  F 

1  x  1011 

0.5 

3 

2 
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Table  2.  Reactions  Involving  Beryllium  Species  (Continued) 


Reaction 

A>l 

cc/ 

mole -sec 

n 

kcal/mole 

Refer¬ 

ence 

BeCl  +  C1F  =  BeCIF  +  Cl 

1  x  10U 

0.5 

3 

2 

BeCl  +  331  =  BeClg  +  H 

1*10U 

0.5 

6 

2 

BeCl  +  LiCl  ■  BeClg  +  Li 

1  x  10n 

0.5 

6 

2 

BeCl  +  NaCl  *  BeClg  +  Ra 

1  x  10U 

0-5 

5 

2 

BeCl  +  e  =  Be  +  Cl" 

5  x  10n 

0.5 

0 

2 

BeCl  +  F  +  M  =  BeCIF  +  M 

3  x  10l6 

-0.5 

0 

2 

BeCl  +  F2  =  BeCIF  +  F 

1  x  10n 

0.5 

2 

2 

BeCl  +  HF  =  BeCIF  +  H 

1  x  1011 

0.5 

7 

2 

BeCl  +  LiF  =  BeCIF  +  Li 

1  x  1011 

0.5 

7 

2 

BeCl  +  NaF  =  BeCIF  +  Na 

1  x  1011 

0.5 

6 

2 

BeCl  +  H  =  HCl  +  Be 

5  xloU 

0.5 

6 

2 

BeCl  +  OH  -  BeOH  +  Cl 

1  x  1011 

0.5 

6 

2 

BeCl  +  LL  ^  LiCl  +  Be 

5  x  1011 

0.5 

6 

2 

BeCl  r  o  -  Cl  +  BeO 

5  x  10U 

0.5 

6 

2 

BeCl  +  O"  =  Cl"  +  BeO 

1  x  10n 

0.5 

6 

2 

BeCl  +  Na  =  NaCl  +  Be 

5  x  10U 

0.5 

6 

2 

2BeF  =  BeFg  +  Be 

1  x  1011 

0.5 

8 

2 

BeF  +  Cl  +  M  =  BeCIF  +  M 

3  x  10l6 

-0.5 

0 

2 

BeF  +  C1F  =  BeFg  +  Cl 

1  x  1011 

0.5 

3 

2 

BeF  +  C1F  =  BeCIF  +  F 

1  x  10U 

0.5 

3 

2 
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Table  2.  Reactions  Involving  Beryllium  Species  (Continued) 


Reaction 

cc/ 

mole -sec 

n 

E, 

kcal/mole 

Refer¬ 

ence 

BeF  +  HC1  =  BeCIF  +  H 

1  x  10n 

0.5 

6 

2 

BeF  +  LiCl  =  BeCIF  +  Li 

1  x  10U 

0.5 

6 

2 

BeF  +  NaGl  =  BeCIF  +  Ra 

1  x  1011 

0.5 

5 

2 

BeF  +  F  +  M  «  BeFg  +  M 

3  x  lO1^ 

-0.5 

0 

2 

BeF  +  F2  =  BeF2  +  F 

1  x  10U 

0.5 

2 

2 

BeF  +  HF  =  BeF2  +  H 

1  x  10U 

0.5 

7 

2 

BeF  +  LiF  =  BeFg  +  LI 

1  x  10U 

0.5 

7 

2 

BeF  +  NaF  =  BeFg  +  Na 

1  x  1011 

0.5 

6 

2 

BeF  +  H  *  Be  +  HF 

4  x  10U 

0.5 

8 

2 

BeF  +  HO  =  BeOH  +  F 

1  x  10n 

0.5 

6 

2 

BeF  +  Li  =  Be  +  LiF 

5  x  1011 

0.5 

8 

2 

BeF  +  0  *  F  +  BeO 

5  x  1011 

0.5 

8 

2 

BeF  +  Na  =  Be  +  NaF 

5  x  10n 

0.5 

8 

2 

2BeH  =  BeHg  +  Be 

1  x  10n 

0.5 

3 

2 

BeHg  +  BeO  *  BeH  +  BeOH 

1  x  10n 

0.5 

5 

2 

BeH  +  B  =  Be  +  BH 

T.OxlOU 

0.7 

3 

22 

BeH  +  C  =  Be  +  CH 

5.8xlOU 

0.7 

8 

22 

BeH  +  CN  =  Be  +  HCN 

1  x  10n 

0.5 

3 

2 

BeHg  +  CN  =  BeH  +  HCN 

1  x  1011 

0.5 

5 

2 

BeH  +  HCO  =  BeHg  +  CO 

1  x  1011 

0.5 

2 

2 
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Table  2.  Reactions  Involving  Beryllium  Species  (Continued) 


Reaction 

cc/ 

nole -sec 

n 

E, 

kcal/mole 

Refer¬ 

ence 

BeH  +  Cl  =  Be Cl  +  H 

5  x  1011 

0.5 

3 

2 

BeH  +  Cl  =  Be  +  HC1 

2.6X1011 

0.7 

3 

22 

BeH2  +  Cl  =  BeH  +  HC1 

1  x  1011 

0.5 

5 

2 

BeH  +  F  =  Be  +  HF 

2.5xl0n 

O.T* 

2 

22 

BeHg  +  F  -  BeH  +  HF 

i  ,rtll 

1  x  10 

0.5 

5 

2 

16 

\ 

BeH  +  H  +  M  »  BeHg  +  M 

3  x  10° 

-0.5 

0 

2 

BeHg  +  H  =  BeH  +  Hg 

1  x  1011 

0.5 

5 

2 

BeH  +  LiH  =  BeHg  +  Li 

1  x  1011 

0.5 

3 

2 

BeH  +  NH  =  BeHg  +  N 

1  x  1011 

o  5 

5 

2 

BeH  +  NH  =  Be  +  NHg 

1  x  1011 

o.5 

3 

2 

BeH  +  NHg  =  BeHg  +  NH 

1  x  1011 

0.5 

5 

2 

BeH  +  03  =  Be  +  HgO 

1  x  1011 

0.5 

3 

2 

BeHg  +  OH  -  BeH  +  HgO 

1  x  1011 

0.5 

5 

2 

BeH  +  NaK  *  BeHg  +  Na 

1  x  10U 

0.5 

3 

2 

BeH  +  LiO  =  LiOH  +  Be 

1  x  1011 

0.5 

3 

2 

BeHp  +  LiO  =  BeH  +  LiOH 

1  x  10U 

0.5 

5 

2 

BeH  +  N  =  Be  +  NH 

5  x  1011 

0.5 

3 

2 

BeH  +  0  »  BeO  +  H 

5  x  1011 

0.5 

0 

2 

BeHg  +  0  «  BeH  +  OH 

1  x  10n 

0-5 

5 

2 

BeH  +  0"  =  Be  +  OH' 

5  x  10U 

0.5 

3 

2 
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Table  2.  Reactions  Involving  Beryllium  Species  (Continued) 


Reaction 

A, 

cc/ 

mole -sec 

n 

E, 

kcal/mole 

Refer¬ 

ence 

BeHg  +  (f  =  BeH  +  OH* 

1  x  1011 

0.5 

5 

2 

BeH  +  NaO  =  Be  +  NaOH 

1  x  1011 

0.5 

i 

'  3 

2 

BeHg  +  NaO  *  BeH  +  NaOH 

1  x  1011 

0.5 

5 

2 

2BeO  =  Be2°2 

1  x  1011 

0.5 

0 

2 

BeO  +  BeOH  -  BegOg  +  H 

5  x  1010 

0-5 

4 

2 

BeO  +  Be202  =  Be,03 

1  x  10U 

0.5 

0 

2 

BeO  +  Be^O,  =  Be^O^ 

1  x  10n 

0.5 

0 

2 

Be202  +  BeOH  =  Be303  +  H 

5  x  1010 

0.5 

k 

2 

Be  0  +  BeOH  =  Be,  0,  +  H 

5  x  1010 

0.5 

k 

2 

2Be2°  =  Be^Og 

5  x  1010 

0.5 

0  , 

a 

2 

BeO  +  CO  =  Be  +  COg 

1  x  1011 

o.5 

6 

2 

BeO  +  HCN  =  CN  +  BeOH 

3.9xl0U 

O.T 

15 

22 

BeO  +  HCO  =  CO  +  BeOH 

1 . 3X1011 

0-5 

0 

36 

BeO  +  CH3  =  CHg  ♦  BeOH 

1.6xl01L 

0.7 

1 

22 

BeO  +  HgCO  =  HCO  +  BeOH 

6-OxlO11 

0.6 

2  ’ 

22 

BeO  +  CH^  «  CH3  +  BeOH 

12 

1. 13x10-^ 

0.6 

k 

22 

BeO  +  H  +  M  =  HBeO  +  M 

3  x  10l6 

-0.5 

0 

2 

BeO  +  HC1  =  BeOH  +  Cl 

1  x  1011 

0.5 

6 

2 

BeO  +  Hg  =  BeOH  +  H 

1  x  1011 

0.5 

6 

2 

BeO  +  LiH  =  BeOH  +  Li 

1  x  1011 

0.5 

3 

2 
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Table  2.  Reactions  Involving  Beryllium  Species  (Continued) 


Reaction 

A ) 

cc/ 

mole -sec 

n 

kcal/mole 

Refer¬ 

ence 

BeO  +  NH  =  BeOH  +  N 

1  x  1011 

0.5 

5 

2 

BeO  +  HO  -  BeOH  +  0 

1  x  10U 

0.5 

6 

2 

BeO  +  HO"  =  BeOH  +  0" 

1  x  10U 

0.5 

8 

2 

BeO  +  NaH  =  BeOH  ♦  Na 

1  x  10U 

0.5 

3 

2 

BeO  +  HCN  =  BeOH  +  CN 

1  x  10U 

0.5 

6 

2 

BeO  +  ICO  =  BeOH  +  CO 

1  x  10n 

0-5 

2 

2 

BeO  +  LiOH  =  BeOH  +  LiO 

1  x  10U 

0.5 

6 

2 

BeO  +  HHg  =  NH  +  BeOH 

12 

1.7x10 

0.5 

0 

36 

BeO  +  HNO- -  NO  +  BeOH 

3.5xlOU 

0.5 

0 

36 

BeO  +  HgO  =  BeOH  +  OH 

1  x  10U 

0.5 

6 

2 

BeO  +  NaOH  =  BeOH  +  NaO 

1  X  10U 

0.5 

7 

2 

BeO  +  NH3  *  NHg  +  BeOH 

1.3X1012 

0.5 

0 

36 

BeO  +  N  =  Be  +  NO 

5  x  10n 

o.5 

6 

2 

BeO  +  0  =  Be  +  02 

5  x  10U 

0.5 

6. 

2 

BeOH  +  CH  =  BeO  +  CHg 

2  x  10U 

0.7 

2 

22 

BeOH  +  Cl  =  BeO  +  IC1 

9  x  1010 

0.5 

0 

36 

BeOH  +  P  *  BeO  +  HF 

1  x  10U 

0.5 

0 

36 

BeOH  +  H  =  BeO  +  Hg 

5  x  10n 

0.7 

5 

22 

BeOH  +  OH  *  BeO  ♦  HgO 

l.lxlOU 

0.5 

0 

36 

BeOH  +  OH  -  BeOgHg 

1  x  10U 

0.5 

0 

2 

28 


Table  2.  Reactions  Involving  Beryllium  Species  (Concluded) 


Reaction 

Af 
cc  / 

mole -sec 

n 

kcal/aole 

Refer¬ 

ence 

BeOH  + 

LiOH  =  BeO^Hg  +  Li 

1  x  1011 

0.5 

5 

2 

BeOH  + 

KOH  =  BeOgHg  +  K 

1  x  1011 

0-5 

5 

2 

BeOH  + 

NaOH  =  BeOgHg  +  Na 

1  x  10n 

0.5 

5 

2 

BeOH  + 

0  =  BeO  +  OH 

2.0xl0n 

0.5 

0 

36 

BeOH  + 

NaO  =  BeO  +  NaOH 

1.8xl0n 

0.5 

0 

36 

BeOgHg 

+  H  =  BeOH  +  HgO 

1  x  1C11 

0.5 

5 

2 

-V 

' 
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Table  3.  Reactions  Involving  Boron  Species 


Reaction 

A, 

n 

E, .  Refe: 

i  , 

cc/ 

kcal/mole  ence 

mole -sec 

3  <•  bo  -  r  *■  BO 


B  +  BF?  =  2BF 


B  +  BOF  *  BF  +  BO 
B  +  BHg=  2  BH 


B  +  BF^  *  BF  +  BF£ 


B  +  BH3  *  BH  +  BHg 


B  +  B203  »  BO  +  BgOg 


B  +  e+  M=  B  +  M 


B+F  +  M-  BF  +  M 
+ 


B  +  F  +  M  =  BF  +  M 
B  +  f"  =  e  +  BF 
B  +  FH  =  BF  +  H 
B  +  FNa  =  BF  +  Na 


B+  +  FNa  =  BF  +  Na+ 


B  +  LiH  =  Li  +  BH 
B  +  OH"  =  BO  +  H" 
B  +  HO  =  BO  +  H 
B  +  NaH  *  Na  +  HB 
B  +  HOH  =  BOH  +  H 


B+  +  0  +  M*=B0++M 


4  x  10 
1  x  10 
1  x  10 
1  x  10 
1  x  10 
1  x  10 
1  x  10 

5  x  10 
3  x  10 

x  10 
1  x  1C 
5  x  10 
5  x  10 
1  x  10 
1.5x10 
5  x  10 
5  x  10 
9.2x10 
1  x  10 
5  x  10 


3*  Reaction*  Involving  Boron  Species  (Continued) 


Reaction 


A4 

cc  / 

mole -sec 


Et  Refer* 
keel /sole  cnce 


B  +  O  +  M-  BO  +  M 

3 

X 

10^ 

-0.5 

B+  +  (f+M=BO  +  M 

4 

X 

1017 

-0.5 

B  +  0"  *  e  +  BO 

1 

X 

10U 

0.5 

B+  +  Og BO  +  0 

5 

X 

10U 

0.5 

B+  +  Og  -  BO*  +  0 

5 

X 

1011 

0.5 

B  +  Og  =  BO  ♦  0 

5 

X 

1011 

0.5 

B  +  Og“  =  BO  +  O' 

5 

X 

1011 

0.5 

B+  +  NaO  -  BO+  +  Na 

5 

X 

1011 

0.5 

B+  +  NaO  -  BO  +  Na+ 

1 

X 

10U 

0-5 

B  +  NaO  -  BO  +  Na 

5 

X 

1011 

0.5 

B+  '+  Na  =  B  +  Na+ 

4 

X 

10U 

0.5 

B 7  +  BgO  «  OBF  +  B  O 

1 

X 

1011 

0-5 

B?  +  F"  »  e  +  BFg 

1 

X 

10U 

0.5 

BF  +  HO  -  OBF  +  H 

1 

X 

1011 

0.5 

BF  +  o"  =  e  +  FBO 

1 

X 

1011 

0.5 

BF  +  O'  -  F"  +  BO 

1 

X 

10U 

0.5 

BF  +  Og  =  OBF  +  0 

1 

X 

1011 

0.5 

BF  +  Og"  *  OBF  +  0" 

1 

X 

10U 

0.5 

2BFg  =  BF  +  BF3 

1 

X 

1011 

0.5 

BFg  +  BO  =  BFO  +  BF 

1 

X 

1011 

0.5 

0 

0 

11 

5 
9 

6 

5 

5 

4 
0 
8 
0 

6 
0 
16 
6 

5 

6 
6 


2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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Trt>le  3* 

Reactions  Involvinf  Boron  Spades  (Continued) 

Reaction 

A >! 
ce/ 

■ole -etc 

n 

koal/nole 

Refer¬ 

ence 

bp2  +  P  -  bp3 

1  x  10U 

05 

0 

2 

BPg  ♦  F"  -  e  +  BF3 

1  x  1011 

0.5 

0 

2 

BPg  +  HaP  »  Ha  +  BP3 

1  x  10U 

0.5 

6 

2 

BPg  +  H  -  BP  +  FH 

1  x  1011 

0.5 

6 

2 

BPg  +  0  -  OBP  +  P 

1  x  10n 

0  5 

6 

2 

BPg  ♦  Na  =<  BP  +  FHa 

1  x  1011 

0.5 

6 

2 

BH  +  BH3  *  2BHg 

1  x  1011 

0.5 

4 

2 

BH  +  C  =  B  +  CH 

l.lxlO12 

0.7 

3 

22 

BH  +  CHg  -  CH  +  BHg 

1.05X1012 

0.7 

27 

22 

BH  +  CH3  =  CHg  +  BHg 

4.3X1011 

0.7 

4 

22 

®H  +  CH^  *  CHj  +  BHg 

2.U1012 

0.6 

10 

22 

BH  +  HCN  -  CH  +  BHg 

1.12X1012 

0.6 

19 

22 

BH  +  HgCO  -  HCO  +  BHg 

l.llxlO12 

0.6 

9 

22 

BH  +  ICO  »  CO  +  BHg 

2.1xlOn 

0.5 

0 

36 

BH  +  Cl  -  B  +  HC1 

2.4xlOU 

0.7 

5 

22 

BH  +  F  -  B  +  HP 

2.3xlOU 

0.7 

4 

22 

BH  +  H  +  M  =  BHg  +  M 

3  x  1016 

-0.5 

0 

2 

BH  +  H  =  B  ♦  Hg 

1.4xl012 

0.7 

2 

22 

BH  +  NHg  =  NH  +  BHg 

5.2X1011 

0.6 

6 

22 

BH  +  NHj  “  NHg  +  BHg 

11 

7.1x10 

0.6 

4 

22 
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Table  3.  Reactions  Involving  Boron  Species  (Continued) 


Reaction 

cc/ 

racle-3ec 

n 

2, 

kcal/aole 

Refer 

enoe 

BH  +  HNO  =  NO  +  BH2 

12 

1.2x10 

0.5 

0 

36 

BH  +  0  =  B  +  OH 

6.6xlOU 

0.7 

1 

22 

BHg  +  H  =  BH3 

1  x  10U 

0.5 

0 

2 

BH2  +  H  =  BH  +  Hg 

1  x  1011 

0.5 

6 

2 

BHg  +  =  BH3  +  H 

1  x  1011 

0  5 

o 

2 

2B0  =  B202 

1  x  1011 

0.5 

0 

2 

BO  +  CH2  *  CH  +  HBO 

k  lxlO11 

0.5 

0 

36 

BO  +  CH3  =  CHg  +  HBO 

6.3X1011 

0.6 

6 

22 

BO  +  CH^  *  CH3  +  HBO 

12 

1.2x10 

0.6 

16 

22 

BO  +  BOO  ■  CO  +  HBO 

l.UxlO11 

0.5 

0 

36 

BO  +  HgCO  =  HCO  +  HBO 

5-5xlOU 

0.6 

16 

22 

BO++e+M=BO+M 

5  x  1023 

-1.5 

0 

2 

BO+  +  F~+M=FBO  +  M 

4  x  1017 

1 

o 

vn 

0 

2 

BO  +  F  ■  BF  +  0 

1  x  1011 

0.5 

11 

2 

BO  +  F”  =  e  +  FBO 

1  x  10U 

0.5 

0 

2 

BO  +  FH  -  FBO  +  H 

1  x  1011 

0.5 

7 

2 

BO  +  FNa  =  FBO  +  Na 

1  x  1011 

0.5 

6 

2 

BO+  +  H"  +  M  =  HBO  +  M 

4  x  1017 

-0.5 

0 

2 

BO  +  H"  =  HBO  +  e 

1  x  1011 

0.5 

0 

2 

BO  +  Hg  -  HBO  +  H 

1  x  1011 

0.5 

6 

2 
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Wble  3.  Reactions  Involving  Boron  Species  (Continued) 


Reaction 

Al 

cc/ 

■ole  •sec 

n 

kcal/aole 

Refer 

ence 

BO+  +  0H“  -  HBOg 

1  X 

10U 

0.5 

0 

2 

BO  +  HO  -  HBO  +  0 

1  X 

10U 

0.5 

6 

2 

BO  +  HO-  m  HBO  +  O" 

1  X 

10U 

0.5 

6 

2 

BO  +  HO  -  HBOg 

1  X 

10U 

0.5 

0 

2 

BO  +  HO”  -  e  ♦  HBOg 

1  X 

10U 

0.5 

0 

2 

BO  +  HNa  -  HBO  ♦  Ha 

1  X 

io11 

0.5 

3 

2 

BO  +  iy)  -  HBO  +  OH 

1  X 

ID11 

0.5 

6 

2 

BO  +  NaOH  -  HBO  +  RaO 

1  X 

1011 

0.5 

7 

2 

BO  +  NaOH  -  Na  +  HBOg 
+  ♦ 

1  X 

10U 
.  11 

0.5 

*  5 

2 

BO  +  Na  «  BO  ♦  Na 

4  x 

10 

0.5 

0 

2 

BgOg  +  OH  »  H  ♦  BgC 

1  X 

1011 

0.5 

6 

2 

BgOg  +  0  =  Bg03 

1  X 

10U 

0.5 

0 

2 

BgOg  +  0"  -  e  +  BgO 

1  X 

1011 

0.5 

0 

2 

BgOg  +  Og  -  BgO  ;  +  0 

1  X 

10U 

0.5 

6  , 

2 

BgOg  +  Og'  -  0"  +  Bg03 

1  X 

10U 

0.5 

5 

2 

BgOg  +  NaO  »  Na  +  Bg03 

1  X 

ID11 

0.5 

4 

2 

HBO  +  CH  »  BO  +  CHg 

4.4X1011 

0.5 

0 

36 

HBO  +  CN  =  BO  +  HCN 

3-lxlO11 

0.5 

0 

36 

HBO  +  F  =  BO  ♦  JH 

1  x  1011 

0.5 

6 

2 

HBO  +  P  -  PBO  +  H 

1  x  1011 

0.5 

6 

2 
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Table  3.  Reactions  Involving  Boron  8pecles  (Concluded) 


l 

IT'  • 

■ 

t-t  ■' 


Reaction 


cc/ 

■ole-sec 


F  * 

BF  + 

BO 

1 

X 

10 

°2“ 

-  0" 

+  HB02 

1 

X 

10 

°2 

0  + 

HBOg 

1 

X 

10 

RaO 

-  Ha 

+  HBOg 

1 

X 

10 

+  H  => 

IgO 

+  BO 

1 

X 

10 

+  H  - 

BOH 

+  OH 

1 

X 

10 

+  F  ■ 

FBO 

+  OH 

1 

X 

10 

_ •• 

♦  F 

»  FBO  +  OH" 

5 

X 

10 

E,  Refs 

kcal/aols  ence 


Table  4.  Reactions  Involving  Carbon 
And  Carbon-Hydrogen  Species 


Reaction 

**1 

cc/ 

aole-aec 

n 

B. 

kcal/aol a 

Refer' 

ence 

C+C  +  M-Cg  +  M 

1  x  1016 

-0.5 

0 

2 

c+c2  +  m»c3  +  m 

1  x  1016 

-0.5 

0 

2 

C  ♦  CgH  -  Cg  ♦  CH 

5  x  10U 

0.5 

4 

2 

C  +  HgC  -  2CH 

5  x  10U 

0.5 

10 

2 

C  +  CH^  -  CH  +  CHj 

5  x  10n 

0.5 

6 

2 

C  +  CHgO  -  CHO  ♦  CH 

3  x  1010 

0.5 

3 

11 

C  +  HCO  -  CO  +  HC 

5  x  10n 

0.5 

it 

2 

c  +  C0g  -  aco 

5  x  10n 

0.5 

4 

2 

C  +  H  +  M-CH  +  M 

2  x  1016 

-0.5 

0 

1 

C  +  OH  +  M-CHO  +  M 

3  x  1015 

-0.5 

0 

2 

C  +  OH  =  CO  +  H 

5  x  10U 

0.5 

4 

2 

C  +  LiH  -  Li  +  CH 

l.TxlO12 

0.7 

9 

22 

C  +  0  +  M=C0  +  M 

1  x  10l6 

-0.5 

0 

2 

C  +  Og  -  CO  +  0 

5  x  10n 

0.5 

4 

2 

2Cg  -  C3  ♦  C 

5  x  10n 

0.5 

6 

2 

Cg  +  CH  -  H  +  C3 

5  x  10U 

0.5 

6 

2 

Cg  +  CHO  -  CO  +  CgH 

5  x  10U 

0.5 

6 

2 

Cg  +  CHgO  -  CHO  +  CgH 

2  x  1010 

0.5 

6 

11 

Cg  +  H  -  C  +  CH 

5  x  10U 

0.5 

10 

1 

Cg  +  H  =  CgH 

5  x  10U 
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0.5 

0 

1 

liable  4. 

Reactions  Involving  Carbon 

And  Carbon-Hydrogen  Species  (Continued) 

Reaction 

A ) 

ec/ 

■ole -sec 

n 

kcal/aole 

Refer¬ 

ence 

c2  +  0  *  CO  +  C 

5  x  1011 

0.5 

4 

2 

Cg  +  OH  •  Cg  ♦  CHO 

1  x  1010 

0.5 

10 

2 

c3  +  0  *  Cg  +  CO 

5  x  1011 

0.5 

4 

2 

CH  +  CgH  -  C  +  CgHg 

5  x  10n 

0.5 

6 

2 

CH  +  CgH  =  Cg  +  CHg 

1  x  10n 

0.5 

4o 

1 

2CH  -  CgHg 

5  x  10U 

0.5 

6 

2 

CH  +  CHg  «  C  +  C^ 

5  x  10n 

0.5 

6 

2 

CH  +  CHg  -  2CHg 

1.2xl0n 

0.7 

5 

22 

CH  +  CH^  «  CHg  +  CHg 

2.4xlOU 

0.7 

6 

22 

CH  +  CH^  *  CHg  +  CHg 

5  x  10n 

0-5 

6 

2 

CH  ♦  HSN  -  CN  ♦  C^ 

3.3xlOU 

0.6 

8 

22 

CH  +  CHO  *  CO  +  CHg 

5  x  10U 

0-5 

6 

2 

CH  +  CHgO  -  CHO  +  CHg 

2  x  1010 

0.5 

5 

11 

CH  +  HgCO  -  HCO  +  CHg 

l.lxlO11 

0.7 

4 

22 

CH  +  HCO  «  CO  +  CHg 

3  x  1010 

0.7 

1 

22 

CH  +  COg  =  CO  +  CHO 

1  x  1010 

0.5 

6 

2 

CH  +  Cl  *  C  +  HC1 

3.2xlOU 

0.7 

l 

22 

CH  +  P  *  C  +  HF 

3.QxlOU 

0.7 

1 

22 

CH  +  H  -  C  +  Hg 

6.4xl0n 

0.7 

2 

22 

CH  ♦  H  -  CHg 

5  x  10n 
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0 

1 

Obble  k. 

Reactions  Involving  Carbon 

And  Carbon-Hydrogen  Species  (Continued) 

Reaction 

00/ 

■ole -sec 

n 

kcal/nol* 

Refer¬ 

ence 

CH  +  HHg  *  HH  ♦  CHg 

3  x  1010 

0.7 

2 

22 

CB  +  HH^  “  HHg  +  CHg 

5  x  1010 

0.7 

2 

22 

CH  +  OH  =  H  ♦  CBO 

5  x  1011 

0.5 

10 

2 

CH  +  OH  =  C  ♦  HgO 

5  x  1011 

0.5 

6 

2 

CH  +  HHO  -  HO  ♦  CHg 

6.3xlOU 

0.5 

0 

36 

CH  +  H)g  *=  02  +  CHg 

1  x  1010 

0.5 

15 

2 

CH  +  HOg  -  OH  ♦  CBO 

5  x  10U 

0.5 

6 

2 

CH  +  NaOH  =  NaO  +  CHg 

9.9xlOU 

0.6 

5 

22 

CH  +  N  -  C  +  NH 

U.5xlOU 

0.7 

2 

22 

CH  ♦  0  -  C  ♦  OH 

2.5xlOU 

0.7 

2 

22 

CH  +  0”  *  HCO  ♦  e 

1  x  10n 

0.5 

0 

2 

CH  +  O  +  M-CHO  +  M 

1  x  1016 

-0.5 

0 

2 

CH  +  0  -  H  +  CO 

5  x  10U 

0.5 

k 

2 

CH  +  Og  -  0  +  CBO 

5  x  10U 

0.5 

6 

2 

2CgH  -  Cg  +  CgHg 

1  x  1010 

0.5 

6 

2 

CgH  +  H  *  Cg  +  ^ 

5  x  10U 

0.5 

35 

1 

CgH  +  H  =  CgHg 

5  x  10U 

0.5 

0 

1 

CgH  +  H  -  2CH 

5  x  10U 

0.5 

50 

2 

CgH  +  CHg  =  CH  +  CgHg 

5  x  10n 

0.5 

6 

2 

CgH  +  CHg  -  Cg  +  CHj 

1  x  10U 

0.5 

6 

2 
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Reaction 

* 


Table  4.  Reactions  Involving  Carton 

And  Carbon-Hydrogen  Species  (Continued) 

A.  n  E,  Refer 

cc/  kcal/mole  ence 

mole-sec 


CgH  +  CHg  =  C2  +  CH4 
C2H  +  CH3  =  CHg  +  CgHg 
C2H  +  CHO  =  CO  +  CgHg 
C2H  +  CHgO  =  CHO  +  CgHg 
CgH  +  CH4  =  CH3  +  CgHg 
CgH  +  OH  =  0  +  CgHg 
CgH  +  OH  =  C2  +  HgO 
CgH  +  HgO  -  CgHg  +  OH 
CgH  +  0  =  CH  +  CO 
CgH  +  0  =  Cg  +  OH 
CgHg  +  H  =  CgH  +  Hg 
2CHg  =  CH  +  CH3 
CHg  +  CH^  =  2CH3 
CHg  +  HCO  =  CO  +  CHg 
CRg  +  CHgO  -  CHO  +  C^ 
CHg  +  Cl  =  CH  +  HC1 
CHg  +  F  =  CH  +  HF 
CHg  +  H  =  CH  +  Hg 
CHg  +  Hg  =  H  +  CHg 
CHg  +  OH  =  0  +  CHg 


1  x  10U 

0-5 

6 

2 

1  x  10U 

0.5 

6 

2 

1  x  1011 

0.5 

6 

2 

3  x  1010 

0.5 

6 

11 

1  x  1010 

0.5 

6 

11 

5  x  10n 

0.5 

6 

2 

5  x  10n 

0-5 

6 

2 

1  x  1010 

o.5 

6 

2 

5  x  10n 

0.5 

4 

2 

5  x  1011 

0.5 

4 

2 

5  x  10u 

0.5 

15 

1 

5  x  10n 

o  5 

6 

2 

12 

1.21x10 

0.7 

20 

11,22 

3  x  1010 

0.7 

1 

22 

3  x  1010 

0.5 

6 

11 

3.6xl0U 

0.7 

29 

22 

8  x  1010 

0.7 

5 

22 

2.9X1011 

0.7 

26 

1,22 

1  x  1010 

0.5 

10 

11 

5  x  1011 

0.5 

6 

2 
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Table  4. 

Reactions  Involving  Carbon 

And  Carbon-Hydrogen  Species  (Continued) 

Reaction 

A, 

n 

B, 

Refer- 

cc/ 

kcal/aole 

ence 

■ole -sec 

CHg  +  OH  =  CH  +  HgO 

5  x  10n 

0.5 

6 

2 

CHg  +  HNO  =  NO  + 

6.8xlOU 

0.5 

r 

36 

CHg  +  HgO  *  OH  +  CHj 

1  x  1010 

0.5 

10 

2 

CH  +  0  *  CH  +  OH 

2 

3.2xl0n 

0.7 

26 

2 

CHg  +  o  =  H  +  CHO 

5  x  10U 

0.5 

4 

2 

CH2  +  °2  -  HgCO  +  0 

5  x  10n 

0.5 

7 

2 

CH3  +  CN  =  CHg  +  HCH 

9  x  1010 

0.7 

3 

22 

• 

CH3  +  HCO  -  CHg  +  HgCO 

1.5xlOU 

0.7 

4 

22 

CH3  +  HCO  =  CO  ♦  CH^ 

3-QxlO11 

0-5 

0 

36 

CI^  +  HgCO  *  CHO  +  CH^ 

1  X  10W 

o.5 

6 

12 

C'  j  +  Cl  -  CHg  +  HC1 

2.2xlOn 

0.7 

8 

22 

CH3  +  P  «  CHg  +  HF 

6  x  1010 

0.7 

1 

22 

CI^  +  H  *  CHg  +  Hg 

1.8xlOU 

0.7 

3 

22 

1 

CH3  +  H  -  CH^ 

5  x  10U 

0.5 

0 

2 

-  H  ♦  C% 

1  x  1010 

0.5 

10 

12 

CH3  ♦  NH  =  CHg  ♦  HHg 

9  x  1010 

0.7 

2 

22 

f 

CH3  +  NHg  =  CHg  +  NHj 

1.7xlOU 

0.7 

2 

22 

CH3  +  HNO  =  NO  +  CH^ 

5.0xlOU 

0.5 

0 

36 

CH3  +  OH  -  CHg  ■*  HgO 

6  x  1010 

0.7 

2 

22 

CH3  +  HOg=  CKk  +  Og 

1  x  10n 

0.5 

.  6 

2 

• 

O 

1 

• 

liable  4.  Reactions  Involving  Carbon 

And  Carbon-Hydrogen  Species  (Concluded) 


Reaction 

A, 

n 

E, 

Refer- 

cc; 

kcal/mole 

ence 

mole -sec 

C^  +  0  =  CHgO  +  H 

1.9xl013 

0.0 

0 

16 

CH3  +  0  =  CHg  +  OH 

1  xl0n 

0.5 

17 

2 

CH3  +  NaO  =  CHg  +  NaOH 

1.3xl012 

0.5 

0 

36 

CH^  +  CN  =  CH3  +  HCN 

2.9xl0n 

0-7 

5 

22 

CH^  +  HCO  =  CH3  +  HgCO 

8 . 6xl0n 

0.6 

9 

22 

CH^  +  Cl  =  CH3  +  HC1 

6.9X1011 

0.6 

13 

22 

CH^  +  F  =  CH3  +  HF 

9  x  1010 

0.7 

X 

22 

CH4  +  H  =  CH3  +  H2 

4.4xlOU 

0.7 

7 

22 

CH^  +  NH  =  CH3  +  NH2 

5-9X1011 

0.6 

7 

22 

ch4  +  nh2=  ch3  +  nh3 

9 . 5X1011 

0.6 

8 

22 

CH^  +  OH  =  CH3  +  HgO 

14 

3-5x10 

0.0 

9 

16 

CH^  +  0  =  CH3  +  OH 

4.0X1011 

0.5 

8 

37 

CHj^  +  NaO  =  CH3  +  NaOH 

1.6X1011 

0.7 

1 

22 
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Table  5. 

Reactions  Involving  Carbon-Nitrogen 

And  Carbon-Oxygen  Species 

Reaction 

A ) 

cc/ 

sole -sec 

n 

kcal/aole 

Refer 

ence 

CN  +  CHO  *  HCN  +  CO 

1.9xlOU 

0.5 

0 

36 

CN  +  HgCO  =  HCO  +  HCN 

1.2xl0n 

0.7 

3 

22 

CN  +  Cl"  =  CN"  +  Cl 

5  x  10n 

0.5 

0 

2 

CN  +  HC1  *  HCN  +  Cl 

1  x  10n 

0.5 

6 

2 

CN"  +  F  =  F'  +  CN 

U  x  1011 

0-5 

0 

2 

CN  +  H  +  M  *  HCN  +  M 

3  x  10l6 

-0.5 

0 

2 

CN"  +  H  ~  HCN  +  e 

1  x  1011 

0.5 

0 

2 

CN  +  H"  =  CN".  +  H 

4  x  10U 

0.5 

0 

2 

CN  +  H"  =  HCN  +  e 

5  x  1011 

0.5 

0 

2 

CN  *  Hg  -  HCN  +  H 

1  x  1011 

0.5 

6 

2 

CN  +  NH  =  HCN  +  N 

1  x  10U 

0.5 

2 

2 

CN  +  NH2  =  HCN  +  NH 

5  x  1010 

0.7 

2 

22 

CN  +  NH3  =  HCN  +  NH? 

T  x  1010 

0.7 

2 

22 

CN  +  OH  =  HCN  +  0 

1  x  10U 

0.5 

6 

2 

CN  +  OH"  -  CN"  +  OH 

k  x  1011 

0.5 

0 

2 

CN  +  HNO  =  HCN  +  NO 

3.8xlOU 

0.5 

0 

36 

CN"  +  H  0+  *  HCN  +  HgO 

1  x  1011 

0.5 

0 

2 

CN  +  NaH  =  HCN  +  Na 

1  x  10 

0.5 

3 

2 

CN  +  HO"  =  HCN  +  0" 

1  x  10 

0.5 

9 

2 

CN  +  0"  *  CN"  +  0 

c 

5  x  10 

0.5 

0 

2 
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Tab  la  5.  Reactions  Involving  Caxtoon-Xltrogen 


And  Carbon -Oxyx an  Spec: 

las  (Conti 

Reaction 

A 

n 

I. 

RsfSr- 

cc/ 

kcal/aolt 

•net 

■ola-aec 

CN  +  o2“  *  ClT  +  o2 

4  x  1011 

0.5 

0 

2 

BCN  +  Cl  »  CN  +  HC1 

4.5xl0U 

0.6 

20 

22 

HCN  +  P  *  CN  ♦  HP 

4  x  1010 

O.T 

1 

22 

HCN  +  H  »  CN  +  Hg 

2.6xl0n 

o.T 

’8 

22 

roH  ♦  OH  -  CN  +  HgO 

2.0xl0U 

0.6 

5 

22 

KM  +  LiO  -  CN  +  LiOH 

1  x  10n 

0.5 

6 

2 

roN  +  0  =  CN  +  OH 

2.8xlOn 

0.7 

17 

22 

HCN  +  NaO  »  CN  +  NaOH 

3.6xlOU 

0.6 

2 

22 

CO  +  c2o  -  c2  +  co2 

1  x  10U 

0.5 

6 

2 

CO  +  H"  =  CHO  +  e 

Sxio11 

0.5 

0 

2 

CO  +  OH  =  H  +  COg 

3  x  10n 

0.0 

0.6 

38 

CO  +  HNO  »  HN  ♦  COg 

1  x  10U 

0.5 

7 

2 

CO  +  LiO  *  COg  +  Li 

1  x  10n 

0.5 

5 

2 

CO  +  NOg  =  NO  ♦  COg 

2  x  10n 

0.5 

5 

2 

CO  +  NgO  *  Ng  +  COg 

1  x  1011 

0-5 

3 

2 

CO  +  0  +  M  *  COg  ♦  M 

IxlO16 

0.0 

3.5 

26 

CO  +  0"-  COg  +  e 

1  x  10U 

0.5 

0 

2 

CO  +  Og  b  O  +  COg 

3.5x10-“ 

0.0 

51 

39 

CO  +  NaO  -  COg  +  Na 

1  x  10n 

o,5 

4 

2 

CgO  +  M  =  CO  +  C  +  M 

1  x  1017 

0,0 

100 

2 

CgO  +  0  ■  2CO 

5  x  10n 

0.5 

4 

2 

Table  5.  Reaction*  Involving  Carbon -Nitrogen 
And  Carbon-Oxygen  Specie*  (Continued) 


Reaction  • 

A/ 

cc/ 

nole-sec 

n 

kcal/nole 

Refer¬ 

ence 

C02  ♦  Hg  -  CO  +  H^O 

1x10^ 

0.5 

15 

2 

COg  +  N  -  CO  +  NO 

2  x  10n 

0.5 

8 

2 

co2  +  0  -  CO  +  Og 

5  x  10U 

0.5 

8 

2 

CHO  +  M*CO  +  H  +  M 

1  x  1015 

0.5 

23 

6 

2BCO  -  CO  +  HgCO 

1.4x10^ 

0.5 

0 

36 

BCO  +  Cl  »  CO  +  HC1 

9  x  1010 

0.5 

0 

36 

CHO+  +  e  +  M  *  CHO  +  M 

5  x  1023 

-1.5 

0 

2 

HDO  ♦  F  -  CO  +  HP 

l.lxl0n 

0.5 

0 

36 

HDO  +  H  •  CO  +  Hg 

1.5X1012 

0.5 

0 

36 

HDO  +  NH  -  CO  +  NHg 

1.4xlOU 

0.5 

0 

36 

HDO  +  NHg  -  CO  +  HHj 

2.6xl0n 

0.5 

0 

36 

HCO  +  NHg  -  NH  +  HgCO 

1.3xlOU 

0.6 

4 

22 

BCO  +  NH^  *  NHg  +  HgCO 

3.0X1011 

0.6 

3 

22 

BCO  +  HNO  -  NO  +  HgCO 

3.2xlOU 

0.5 

0 

36 

HCO  +  OH  -  CO  *  HgO 

l.lxlO11 

0.5 

0 

36 

CHO  +  Li  =  CO  +  LiH 

1  x  10U 

0.5 

2 

2 

CHO  +  Ll+  -  CB0+  +  Ll 

4  x  10n 

0.5 

0 

2 

CHO  +  N  -  CO  +  NH 

2  x  10n 

0.5 

2 

2 

CHO  +  hO  ■  CO  ♦  HNO 

2  x  10n 

0.5 

2 

2 

HDO  +  0  *  CO  +  OH 

1.8xlOU 

0.5 

0 

36 
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Table  5.  Reactions  Involving  Carbon-Nitrogen 
And  Carton-Oxygen  Species  (Concluded) 


Reaction 

\ 

cc/ 

■ole -sec 

n 

I, 

kcal/aole 

Refer 

ence 

CHO  +  0"  «  CO  +  OH" 

1  x  10U 

0.5 

2 

2 

HCO  ♦  IfaO  -  CO  +  NaOH 

1.8xlOU 

0.5 

0 

36 

CHO  +  Na  -  CO  +  NaH 

1  x  10n 

0.5 

2 

2 

CHgO  -  H  +  CHO 

3  x  101T 

0.0 

87 

7 

HgCO  +  Cl  -  HCO  +  HC1 

3.5xlOU 

0.6 

11 

22 

HgCO  +  P  -  HCO  +  HP 

4.1xl0n 

0.5 

0 

36 

H^CO  ♦  H  *  CHO  +  Hg 

1  x  1013 

o.c 

2 

6 

HgCO  +  OH  -  HCO  +  HgO 

5  x  1010 

0.7 

1 

22 

HgCO  +  0  «  HCO  +  OH 

4.0xl0U 

0.6 

k 

22 

HgCO  +  NaO  *  HCO  +  NaOH 

7.2xlOU 

0.5 

0 

36 
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Table  6,  Fraction*  Involving  Lithlun  Spades 


Reaction 

A/ 

ec/ 

■ole -sec 

n 

kcsl/aole 

Refer¬ 

ence 

Li  +  Cl  +  M  »  ClLi  +  M 

3  x  10l6 

-0.5 

0 

2  • 

Li+  +  Cl"  ♦  M  ■  L1C1  +  M 

4  x  1017 

-0.5 

0 

2 

Li  +  Clg  -  LiCl  +  Cl 

5  x  10U 

0.5 

3 

2 

Li+  +  e+  M*U+M 

5  x  1023 

-1.5 

0 

2 

Li  +  M  +  F  =  LLP  ♦  M 

3  x  lo16 

-0.5 

0 

2 

Ll+  +  F"  +  M  -  LIP  +  M 

4  x  1017 

-0.5 

0 

2 

Li  +  Fg  *  LIP  +  P 

5X1011 

0.5 

2 

2 

U  +  H  +  M-LiH+M 

3  x  1016 

-0.5 

0 

2 

Li+  +  H“  +  M  -  L1H  +  M 

4  x  1017 

-0.5 

0 

2 

Li  +  H“  «  e  +  L1H 

5  x  10U 

0.5 

0 

2 

Li  +  HD1  -  LiCl  +  H 

1  x  10n 

0.5 

6 

2 

Li+  +  0H“  +  M  *  LlOH  +  M 

4  x  lo17 

-0.5 

0 

2 

LI  +  OH  +  M  -  LlOH  +  H 

3  x  lo16 

-0.5 

0 

2 

Li  +  OH  «  LiO  +  H 

5  x  lo11 

0.5 

6 

2 

Li  +  HOH  «  LLOH  +  H 

1  x  lo11 

0.5 

6 

2 

Li  +  H30+  »  Li+  ♦  H  +  HgO 

1  x  lo11 

0.5 

0 

2 

Li  +  N0+  »  Li+  +  NO 

4  x  lo11 

0.5 

0 

2 

Li+  +  0"  +  M  -  LiO  +  M 

4  x  lo17 

-0.5 

0 

2 

Li  +  O  +  M-LiO  +  M 

3  x  lo16 

-0.5 

0 

2 

Li+  +  Og  =  LiO  +  0 

5  x  1012 

0.5 

5 

2 

LiCl  +  o"  a  LiO  +  Cl' 

1  x  lo11 

0.5 

6 

2 

Table  6.  Reactions  Involving  Lithium  Species  (Continued) 


Reaction 

k) 

cc/ 

oole -sec 

n 

kcal/mole 

Refer 

ence 

LiF  + 

H  =  HF  +  Li 

1  x  10U 

0.5 

7 

2 

LiH  + 

Cl  =  Li  +  HC1 

2.0X1011 

0.7 

12 

22 

LiH  + 

Cl  =  H  +  LiCl 

5  x  1011 

0.5 

3 

2 

Li.H  + 

F  =  H  +  LiF 

5  x  1011 

0.5 

3 

2 

LiH  + 

F  =  Li  +  HF 

2.4xlOU 

0.7 

9 

22 

LiH  + 

H  =  U  +  Hg 

9-6X1011 

0.7 

6 

22 

LiH  + 

NH  =  Li  +  NH2 

1  x  1011 

0.5 

3 

2 

LiH  + 

OH  »  Li  +  HgO 

1  x  1011 

0.5 

3 

2 

LiH  + 

LiO  =  Li  ♦  LiOH 

1  x  1011 

0.5 

3 

2 

LiH  + 

NaO  =  Li  +  NaOH 

1  x  1011 

0.5 

3 

2 

LiH  + 

0  =  Li  +  OH 

5 . lxlO11 

0.7 

6 

22 

LiOH  i 

i-  F  =  HF  +  LiO 

1  x  1011 

0.5 

7 

2 

LiO  + 

Cl  =  LiCl  +  0 

5  x  1011 

0.5 

5 

2_ 

LiO  + 

HC1  =  LiOH  +  Cl 

1  x  1011 

0.5 

6 

2 

LiO  + 

F  «  LiF  +  0 

5  x  1011 

0-5 

5 

2 

LiO  + 

F~  =  LiF  +  0" 

1  x  10 

0.5 

6 

2 

LiO  + 

H  =  LiH  +  0 

1  x  1011 

0.5 

5 

2 

LiO  + 

H”  =  Li  +  OH* 

5  x  1011 

0.5 

5 

2 

LiO  + 

Hg  -  LiOH  +  H 

1  x  1011 

0.5 

6 

2 

LiO  + 

NH  =  LiOH  +  N 

1  x  1011 

0.5 

5 

2 
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Table  6.  Reaction*  Involving  Lithium  Species  (Concluded) 


Reaction 

cc/ 

mole -sec 

n 

E, 

kcal/mole 

Refer¬ 

ence 

LiO  +  NHg  =  LiOH  +  NH 

1 

X 

10U 

0.5 

5 

2 

LiO  +  OH  »  LiOH  +  0 

1 

X 

10U 

0.5 

5 

2 

LiO  +  OH"  =  LiOH  +  0" 

1 

X 

1011 

0-5 

9 

2 

LiO  +  HgO  =  LiOH  +  OH 

1 

X 

1011 

0.5 

6 

2 

LiO  +  NaH  *  LiOH  +  Na 

1 

X 

1011 

0.5 

3 

2 

LiO  +  N  =  Li  +  NO 

5 

X 

10U 

0.5 

5 

2 

LiO  +  0  =  Li  +  02 

5 

X 

1011 

0-5 

5 

2 

LiO  +  0“  =  Li  +  02" 

5 

X 

1011 

0.5 

5 

2 
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Table  7 .  Reactions  Involving  Nitrogen  Species 


Reaction 

mole -sec 

n 

kcal/mole 

Refer¬ 

ence 

N  +  N  =  3N 

2 

k  x  10l6 

-0.5 

225 

30 

N  +  NH  =  H  +  Ng 

5  x  1011 

0.5 

'  2 

13 

N  +  NHg=  2NH  ‘ 

5  x  1011 

0.5 

2 

13 

N  +  NH3  =  NHg  +  NH 

5  x  1011 

0.5 

2 

13 

N  +  HNO  =  NH  +  NO 

1  x  1011 

0.5 

2 

2 

HNO  +  N  =  H  +  No0 

5  x  1010 

0.5 

3 

2 

N  +  H  +  M=  NH  +  M 

3  x  1016 

-0.5 

0 

2 

N  +  OH  +  M  =  HNO  +  M 

1  x  1015 

-0.5 

100 

2 

N  +  OH  =  H  +  NO 

5  x  1011 

0.5 

5 

2 

N  +  NO  =  2N  +  0 

1.12xl020 

-1.0 

151 

5,25 

N  +  0"  =  NO  +  e 

1  x  1011 

0-5 

0 

2 

N  +  02  =  0  +  NO 

1.33xl010 

1.0 

7 

25 

N  +  Og"  =  NO  +  0" 

5  x  1011 

0.5 

6 

2 

N  +  NaO  -  NO  +  Na 

5  x  1011 

0-5 

k 

2 

2Ng  =  2N  +  Ng 

5 . 4xl017 

-0.5 

225 

30 

Ng  +  Ar  =  2N  +  Ar 

,  .  _l6 

4  X  10 

-0.5 

225 

30 

Ng  +  M  =  2N  +  M 

1.9xl019 

-1.0 

225 

5 

Ng  +  NO  «  2N  +  NO 

1.5xlOl6 

-0.5 

225 

30 

Ng  +  NO  =  N  +  0  +  Ng 

5-6x1018 

-1.0 

151 

5,25 
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Table  7.  Reactions  Involving  Nitrogen  Specie!  (Continued) 


Reaction 

A, 

n 

E, 

Refer¬ 

cc/ 

kcel/mole 

ence 

mole-eec 

N2  +  HO  =  N20  +  N 

8  x  107 

0.0 

121 

5 

N,  +  N02  =  N20  +  NO 

1.4xl0llf 

0.0 

83 

5 

Ng  +  0  =  NO  +  N 

6.8xl013 

0.0 

75 

5 

N2  +  0  =  2N  +  0 

1.5xlOl6 

-0.5 

225 

30 

N2  +  e  +  0  =  0“  +  N2 

3  x  10l6 

0.0 

0 

42 

N2  +  02  =  2N  +  02 

1.5xlOl6 

-0.5 

225 

30 

N2  +  °2  =  N20  +  0 

4  x  1012 

0.0 

106 

5 

N2  +  02  =  2N0 

2  x  lO1^ 

0.0 

122 

5 

N2  +  02  =  N02  +  N 

l.?xl0n 

0.0 

136 

5 

N2  +  02  +  e  =  02-  +  N2 

3  x  10l6 

0.0 

0 

43 

NH  +  Cl  =  N  +  HC1 

12 

2.2x10 

0.68 

0.2 

22 

NH  +  F  -  N  +  HF 

1.4xl012 

0.68 

0.6 

22 

nh  +  h  +  m  =  nh2  +  m 

2  x  1016 

-0.5 

0 

13 

NH  +  H  =  N  +  H2 

12 

1.0x10 

0.68 

1.9 

22 

NH  +  H  =  NHg  +  e 

5  x  1011 

0.5 

0 

2 

NH  +  HNO  =  NO  +  NH2 

2  x  10 U 

0.5 

2 

13 

NH  +  HO  •=  N  +  HgO 

5  x  1011 

o.5 

2 

2 

NH  +  NaH  =  NHg  +  Na 

1  x  10J1 

0.5 

3 

2 

No0  +  NH  =  N~  +  HNO 

L.  C. 

1  x  10n 

0\5 

3 

2 

N02  +  NH  «  NO  +  HNO 

2  x  1031 

0.5 

5 

2 

NH  +  0  +  M  =  HNO  +  M 

1  x  10l6 

-0.5 

0 

2 
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Table  7.  Reactions  Involving  Nitrogen  Species  (Continued) 


Reaction 

A  > 
cc/ 

mole-aec 

n 

kcal/mole 

Refer¬ 

ence 

NH  +  0  «  H  +  NO 

5  at  10n 

0.5 

5 

13 

HH  +  0  b  N  +  OH 

8.4xl012 

0.7 

0.1 

22 

NH  +  O"  =  N  +  OH* 

5  x  10U 

0.5 

5 

2 

NH  +  NaO  «  NaOH  +  N 

1  x  1011 

0.5 

5 

2 

NH2  +  Cl  -.NH  +  HC1 

5.1xl0n 

0.5 

0 

36 

NEg  +  F  «  NH  +  HP 

6.2xlOn 

0.5 

0 

36 

NH2  +  H  «  NH  +  Hg 

1.4X1011 

0.7 

4 

22 

NHg  +  H  =  Hg  +  NH 

5  x  10n 

0.5 

2 

13 

NHg  +  H  =  I«3 

5  x  1011 

0.5 

0 

2 

2NHg  =  NH  +  NH_ 

1  x  1012 

0.5 

3 

2,14 

NHg  +  HNO  =  NO  +  NH3 

fi.mo11 

0.5 

0 

13,36 

NHg  +  OH  =  NH  +  HgO 

3  x  1010 

0.7 

l 

22 

NHg  +  0“  =  NH  +  OH" 

1  x  10n 

0.5 

5 

2 

NHg  +  0  -  NH  +  OH 

9.2xl0n 

0.5 

0 

36 

NHg  +  NaO  =  NH  +  NaOH 

12 

1.2x10a 

0.5 

0 

36 

"V  C1  ‘  “a  +  hci 

4.5X1011 

0.5 

0 

36 

NH3  +  F  =  NHg  +  HF 

4.3aclOU 

0-5 

0 

36 

NH3  +  H  -  NHg  +  Hg 

1.9X1011 

0.7 

3 

22 

NH3  +  OH  «  NHg  +  HgO 

4  x  1010 

0.7 

l 

22 

NH3  +  H  =  NHg  +  Hg 

5  x  1011 

0.5 

2 

13 
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Ifcble  7*  Reactions  Involving  Nitrogen  Species  (Continued) 


Reaction 

A  i 
cc/ 

mole-sec 

n 

b 

kcal/mole 

Refer • 
ence 

n3  +  o  *  nh2  +  OH 

8.2xl0n 

0.5 

0 

36 

NH3  +  NaO  -  NH2  +  NaOH 

9.6xl0n 

0.5 

0 

36 

HNO  +  Cl  =  NO  +  HC1 

2.5xl0n 

0.5 

0 

36 

HNO  +  F  =  NO  +•  EF 

2 . 4x1 O11 

0.5 

0 

36 

HNO  +  H  -  NH  +  OH 

2  x  10n 

0.5 

13 

2 

KNO  +  H  -  NO  +  H2 

12 

3.9xlOx 

0.5 

0 

13,36 

HNO  +  OH  -  NO  +  H20 

2  x  10n 

0.5 

2 

3 

HNO  +  0  -  NH  +  02 

1  x  10n 

0.5 

7 

2 

HNO  +  0  -  H  +  N02 

5  x  1010 

0.5 

3 

2 

HNO  +  0  =  NO  +  OH 

5.0xl0n 

0.5 

0 

36 

HNO  +  NaO  =  NO  +  NaOH 

4.7X1011 

,  0.5 

0 

36 

NO  +  Ar  *  N  +  0  +  Ar 

5.6xlOl8 

-1.0 

151 

5,25 

NO+  +  e  +  M  »  NO  +  M 

5  x  1023 

-1.5 

0 

2 

N0+  +  e  =  N  +  0 

2.8xl020 

-1.2 

0 

44 

NO  +  e  =  NO+  +  2e 

2.5xl013 

0.5 

214 

5 

N0+M*N+0+M 

2.4x101T 

-0.5 

150 

5 

NO  +  M  =  NO+  +  e  +  M 

6  x  10* 

1.5 

214 

5 

NO  +  H  +  M  =  HNO  +  M 

1  x  1017 

in 

• 

o 

1 

0.7 

2,15 

2N0  =  N£0  +  0 

3.5xl012 

0.0 

64 

5 

2N0  *  NOg  +  N 

1  x  1010 

0.0 

88 

5 
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Table  7.  Reaction*  Involving  Nitrogen  Species  (Concluded) 


Reaction 

A) 

cc/ 

mole-sec 

n 

kcal/mole 

Refer¬ 

ence 

2N0  ■  N  +  0  +  NO 

1.12X1020 

-1.0 

151 

5,25 

NO  +  0  =  N  +  20 

1.12X1020 

-1.0 

151 

5,25 

H0+  +  0"  =  NO  +  0 

3.6xio19 

-1.0 

0 

44 

NO  +  02=  N  +  0  +  Og 

5.6xio18 

-1.0 

151 

5,25 

N0+  +  02"  =  NO  +  02 

3.6x10X9 

-1.0 

0 

44 

N0+  +  K  =  NO  +  K+ 

4  x  1011 

0.5 

0 

2 

N20  +  M  *  N  +  NO  +  M 

1  x  lO1*1 

-1.0 

115 

5 

N20  +  H  =  N2  +  OH 

3  x  10lk 

0.0 

16 

40 

N20  +  H  =  NH  +  NO 

1  x  1011 

0.5 

30 

2 

n2o  +  o2  =  no  +  no2 

1  x  1013 

0.0 

70 

5 

N02  +  H  =  NO  +  OH 

5  x  10n 

0.5 

5 

2 

N02  +  0  =  NO  +  02 

2  x  1013 

0.0 

1.1 

32 

N20  +  0  =  N  +  N02 

1  x  1013 

0.0 

50 

5,29 
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Table  7*  Reactions  Involving  Nitrogen  Species  (Concluded) 


Reaction 

A; 
cc  / 

mole-sec 

n 

kcal/mole 

Refer¬ 

ence 

2N0  s  N  +  0  +  NO 

i.iaao20 

-1.0 

151 

5,25 

“*NO  +  0  =  N  +  20 

1.12xl020 

-1.0 

151 

5,25 

N0+  +  0'  =  NO  +  0 

3.6x1019 

-1.0 

0 

44 

NO  +  02*  N  +  0  +  02 

5.6x1018 

-1.0 

151 

5,25 

NO+  +■  0  ‘  =  NO  +  02 

3.6x1019 

-1.0 

0 

44 

N0+  +  K  =  NO  +  K+ 

4  x  10U 

0.5 

0 

2 

N20  +  M  =  N  +  NO  +  M 

1  x  10l4 

-1.0 

115 

5 

N20  +  H  =  N2  +  OH 

3  x  1014 

0.0 

16 

40 

n2o  +  h  »  rra  +  no 

1  x  1011 

0.5 

30 

2 

No0  +  0o  =  NO  +  N0o 
d  d  d 

1  x  1013 

0.0 

70 

5 

N02  +  H  =  NO  +  OH 

5  x  10n 

0.5 

5 

2 

N02  +  0  =  NO  +  02 

2  x  1013 

0.0 

1.1 

32 

N20  +  0  »  N  +  N02 

1  x  1013 

0.0 

50 

5,29 
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Table  8.  Reactions  Involving  Potassium  Species 


Reaction 

A'/ 

cc/ 

mole-sec 

n 

kcal/mole 

Refer' 

ence 

K  +  Cl  +  M  -  KC1  +  M 

3  x  10l6 

-0.5 

0 

2 

K+  +  Cl"  +  M  =  KC1  +  M 

4  x  1017 

-0.5 

0 

2 

K  +  Cl2  «  KC1  +  Cl 

5  x  1011 

0.5 

3 

2 

K+  +  e  +  M*K  +  M 

5  x  1023 

-1.5 

0 

2 

K+F+M-KF+M 

3  x  10l6 

-0.5 

0 

2 

k+  +  f”  +  m  =  kf  +  m 

4  x  1017 

-0.5 

0 

2 

K  +  Fg  e  KF  +  F 

5  x  10n 

0.5 

2 

2 

K+  +  OH"  +  M  =  KOH  +  M 

4  x  1017 

-0.5 

0 

2 

K  +  OH  +  M  *  KOH  +  M 

3  x  10l6 

-0.5 

0 

2 

K  +  HOH  =  KOH  +  H 

1  x  1011 

0.5 

6 

2 

K  +  H30+  =  K+  +  H  +  H20 

4  x  1011 

0.5 

0 

2 

KC1  +  H  =  HCl  +  K 

5  x  1011 

0.5 

7 

2 

KF  +  H  =  HF  +  K 

5  x  10U 

0.5 

7 

2 
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Table  9*  Reactions  Involving  Sodium  Species 


Reaction 

A'/ 

cc/ 

mole-sec 

n 

E, 

kcal/mole 

Refer' 

ence 

Na  +  Cl  +  M  a  NaCl  +  M 

3  x  10l6 

irv 

o 

i 

0 

2 

Na+  +  Cl"  +  M  ■  NaCl  +■  M 

4  x  1017 

o 

i 

0 

2 

Na  +  Cl"  -  NaCl  +  e 

5  x  1011 

0.5 

0 

2 

Na  +  Cl2  a  NaCl  +  Cl 

5  x  10n 

0.5 

3 

2 

Na  +  C1F  «  NaF  +  Cl 

5  x  10n 

0.5 

3 

<•  2 

Na  +  C1F  =  NaCl  +  F 

5  x  1011 

0.5 

3 

2 

Na  +  HC1  =  NaCl  +  H 

5  x  10n 

0.5 

6 

2 

Na+  +  e  +  M  =  Na  +  M 

24 

5  x  10* 

-2.5 

0 

44 

Na  +  e  =  Na+  +  2e 

2.6xl013 

0.5 

119 

5 

Na+  +  e  =  Na  +  hi/ 

1.2xl012* 

-0.75 

0 

5 

Na  +  F  +  M  =  NaF  +  M 

3  x  10l6 

-0.5 

0 

2 

Na+  +  F"  +  M  =  NaF  +  M 

4  x  1017 

-0.5 

0 

2 

Na  +  F2  -  NaF  +  F 

5  x  10n 

0.5 

2 

2 

Na+  +  H"  +  M  «  NaH  +  M 

4  x  1017 

i 

o 

• 

\J1 

0 

2  . 

Na  +  H  +  M  =  NaH  +  M 

3  x  1016 

-0.5 

0 

2 

Na  +  H"  «  NaH  +  e 

5  x  10U 

0.5 

0 

2 

Na+  +  OH"  +  M  =  NaOH  +  M 

4  x  1017 

-0.5 

0 

2 

Na  +  OH  +  M  »  NaOH  +  M 

3  x  10l6 

-0.5 

0 

2 

Na  +  OH"  =  NaOH  +  e 

1  x  10n 

0.5 

0 

2 

Na  +  HOH  =  NaOH  +  H 

1  x  lo11 

0.5 

6 

2 
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Table  9«  Reactions  Involving  Sodium  Species  (Continued) 


Reaction 

A’, 

cc/ 

mole-sec 

n 

kcal/mole 

Refer 

ence 

Na  +  £^0+  -  Na+  +  H  +  HgO 

1  x  1010 

0.5 

6 

2 

Na  +  2N  =  Ng  +  Na+  +  e 

k  x  1015 

0.0 

0 

42 

Na  +  N  +  0  «  NO  +  Na+  +  e 

k  x  1015 

0.0 

0 

42 

Na  +  NO+  «  Na*  +  NO 

3  x  1013 

-0.5 

0 

42 

Ka++  0"  +  M  »  NaO  +  M 

4  x  10l8 

0.0 

0 

42 

Na  +  0  +  M  =  NaO  +  M 

3  x  1016 

-0.5 

0 

2 

Na  +  0  *s  NaO  +  e 

5  x  1011 

0.5 

' 

'  2 

Na+  +  O’  *  Na  +  0 

4  x  10l8 

-1.0 

0 

Al 

Na  +  20  =  02  +  Na+  +  e 

4  x  10l6 

0.0 

0 

5 

Na  +  0o  +  M  -  NaO  +  M 

c  p 

4  x  1013 

0.0 

0 

42 

Na+  +  Og’  «  Na  +  Og 

4  x  10l8 

-1.0 

0 

42 

Na+  +  Og’  «  NaO  +  0 

5  x  1011 

0.5 

6 

2 

NaCl  +  0"  +  NaO  +  Cl* 

5  x  10U 

0.5 

2 

2 

NaF  +  H  *  HF  +  Na 

1  x  1011 

0.5 

6 

2 

NaF  +  O’  -  NaO  +  F“ 

1  x  1011 

0.5 

6 

2 

NaH  +  Cl  -  NaCl  +  H 

5  x  1011 

0.5 

3 

2 

NaH  +  Cl  -  Na  +  HC1 

1.8xl0n 

0.7 

10 

22 

NaH  +  F  =  No  +  HF 

l.TxlO11 

0.7 

8 

22 

NaH  +  F  =  NaF  +  H 

5  x  10U 

0.5 

3 

2 

NaH  +  H  *  Na  +  Hg 

1.4xl012 

0.7 

5 

22 
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Table  9*  Reactions  Involving  Sodium  Species  (Concluded) 


Reaction 

A ; 
cc/ 

mole-sec 

n 

E, 

kcal/mole 

Refer 

ence 

NaH  +  OH  «=  Na  +  HpO 

1  x  1011 

0.5 

3 

2 

NaH  +  0  =  Na  +  OH 

1.3xl012 

0.7 

1 

22 

NaH  +  0  =  NaO  +  H 

5  x  1011 

11 

0.5 

3 

2 

NaH  +  NaO  =  NaOH  +  Na 

1  x  10 

0  5 

3 

2 

NaO  +  Cl  =  NaCl  +  0 

5  x  1011 

0.5 

4 

2 

NaO  +  F  -  NaF  +  0 

5  x  1011 

0.5 

4 

2 

NaO  +  H  +  M  =  NaOH  +  M 

3  x  10l6 

-0.5 

0 

2 

NaO  +  H"  =  Na  +  OH" 

5  x  1011 

0.5 

4 

2 

NaO  +  H"  =  NaOH  +  e 

5  x  10 

0.5 

0 

2 

NaO  +  HC1  =  NaOH  +  Cl 

1  x  1011 

0.5 

6 

2 

NaO  +  H2  =  NaOH  +  H 

1  x  1011 

0.5 

6 

2 

NaO  +  OH  =  NaOH  +  0 

1  x  1011 

0.5 

6 

2 

v*0  +  OH"  =  NaOH  +  0" 

1  x  1011 

0.5 

9 

2 

NaO  +  HgO  *  OH  +  NaOH 

1.3xl012 

0.5 

0 

36 

NaO  +  0"  =  Na  +  Op" 

5  x  1011 

0.5 

4 

2 

NaO  +  0  =  Na  +  Op 

5  x  1011 

0.5 

6 

2 

NaOH  +  Cl  =  NaO  +  HC1 

l.OxlO11 

0.5 

0 

36 

NaOH  +  F  =  NaO  +  HF 

1.2X1011 

0.5 

0 

36 

NaOH  +  H  *=  NaO  +  Hp 

12 

1.19x10 

0.7 

19 

22 

NaOH  +  OH  =  NaO  +  HpO 

1.2X1011 

ir\ 

o 

0 

36 

NaOH  +  0  =  NaO  +  OH 

2.6X1011 

0.5 

0. 

36 
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Table  10.  Reactions  Involving  Chlorine  Species 


Reaction 

« 

A; 

cc/ 

mole-sec 

n 

kcal/mole 

Refer¬ 

ence 

Cl  +  Cl"  =  Cl2  +  e 

5  x  1011 

0.5 

0 

2 

Cl  +  e  +  M  =  Cl"  +  M 

1  x  1020 

-1.0 

0 

2 

Cl  +  H  +  M  =  HC1  +  M 

3  x  10l6 

-0.5 

0 

2 

Cl  +  H"  =  Cl'  +  H 

4  x  10n 

0.5 

0 

2 

Cl  +  H‘  =  e  +  HC1 

5  x  1011 

0.5 

0 

2 

Cl"  +  H  -  HC1  +  e 

5  x  10n 

0.5 

0 

2 

Cl  +  H2  -  H  +  HC1 

8.1xl013 

0.0 

6 

31 

Cl  +  OH"  =  Cl"  +  OH 

4  x  10n 

0.5 

0 

2 

Cl"  +  H  0+  =  HC1  +  HO 

1  x  1010 

0.5 

6 

2 

Cl  +  0~  =  Cl"  +  0 

4  x  1011 

0.5 

0 

2 

Cl  +  02"  =  Cl"  +  02 

5  x  1011 

0.5 

0 

2 

HC1  +  F  b  Cl  +  HF 

1.9X1012 

0.7 

0.6 

22 

HC1  +  OH  «=  Cl  +  H20 

1  x  1011 

0.5 

6 

2 

HC1  +  0"  =  OH  +  Cl" 

5  x  10 

0.5 

13 

2 

HC1  +  0  -  Cl  +  OH 

2.3xl0n 

0.6 

1 

22 

CIF  +  H  »  HF  +  Cl 

5  x  1011 

0.5 

3 

2 

C1F  +  H  ■  HC1  +  F 

5  x  1011 

0.5 

3 

2 
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Table  11.  Reactions  Involving  Fluorine  Species 


Reaction 

cc/ 

mole-sec 

n 

E, 

kcal/mole 

Refer¬ 

ence 

F+e  +  McF'  +  M 

1  x  1020 

-1.0 

0 

2 

F  +  0H  +  HF  =  0+  2HF 

5  x  10l8 

-0.5 

6 

2,19 

F  +  H'  =  F"  +  H 

4  x  10n 

0.5 

0 

2 

F  +  2H  =  HF  +  H 

3.5xl017 

-0.5 

0 

2,19 

F  +  H2  =  H  +  HF 

7.8xl0n 

0.7 

3 

22 

F+H+Hg=HF+H2 

7  x  1017 

-0.5 

0 

2,19 

F  +  OH"  «  F“  +  OH 

4  x  10n 

0.5 

0 

2 

F  +  OH  «  0  +  HF 

12 

2.9xlOx 

0.7 

0.2 

22 

F  +  HgO  -  OH  +  HF 

5.6xl0n 

0.5 

0 

36 

P  .  H20  -  HF  .  HO 

1  x  10U 

0.5 

6 

2 

F  +  H  +  OH-HF  +  OH 

5  x  1018 

-0.5 

0 

2,19 

F"  +  H30+  =  HF  +  H?0 

1  x  1011 

0.5 

0 

2 

F  +  H  +  H20  *=  HF  +  HgO 

5  x  1O10 

-0.5 

0 

2,19 

F  +  0"  =  F"  +  0 

4  x  10U 

0.5 

0 

2 

F  +  02’  =  F”  +  02 

4  x  10n 

0.5 

0 

2 

F2  +  M  ■  2F  +  M 

7.1xl015 

0.0 

30 

35 

Fg  +  H  =  HF  +  F 

5.28X1012 

0.5 

4 

23 

HF  +  MoH  +  F  +  M 

5 . lxlO22 

-2.0 

134 

28 

HF  +  H  =  H2  +  F 

1  x  1013 

0.0 

35 

28 

HF  +  2H  =  ng  +  HF 

1  x  1019 

-0.5 

0 

2,19 

HF  +  0“  =  HO  +  F" 

1  x  10n 

0.5 

7 

2 
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Table  12.  Reactions  Involving  Oxygen  Species 


Reaction 

A ) 

cc/ 

mole -sec 

n 

kcal/mole 

Refer¬ 

ence 

0  +  0”  +  M  -  02~  +  M 

4  x  1017 

0.0 

0 

42 

0  +  o2  =  30 

8.5xl019 

*1.0 

118 

5,33 

0  +  02"  -  02  +  o' 

4  x  1012 

0.0 

0 

42 

202  -  20  +  02 

“  2  x  1019 

-1.0 

118 

5 

02  +  M  *  20  +  M 

3  x  1O10 

-1.0 

118 

5 

02"  +  M  «  02  +  e  +  M 

5  x  1013 

0.0 

10 

2 

o3  +  m-  o  +  o2  +  m 

6  x  1015 

0.0 

25 

5,34 

0+e+M-0"+M 

4  x  1015 

0.0 

0 

21 

0  +  e  +  02  -  0"  +  02 

4  x  1015 

0.0 

0 

5 

0  +  e  +  N2  *  0‘  +  N2 

2  x  1C J 9 

8 

-0.5 

0 

5 

0  +  e  =  o’  +  bt/ 

7.2x10 

0.0 

0 

5 

Og  +  e  ■  0  +0 

3  x  1015 

-1.0 

84 

£ 

Og  +  e  =  Og  +  ht> 

1  x  109 

0.0 

0 

43 

20«  +  e  -  0  ”  +  Ort 

2  2  2 

21 

1.5x10 

-1.0 

0 

5 

O  +  H  +  M»0H  +  M 

2  x  1O10 

-1.0 

0 

4 

0  +  H‘  +  M  «  OH*  +  M 

4  x  1017 

-0.5 

0 

2 

0*  +  H  +  M  «  OH”  +  M 

6  x  lo17 

-0.5 

0 

2 

0  +  2H  =  OH  +  H 

3.5xl017 

-0.5 

0 

2,b 

O  +  H  +  Hg-OT  +  Hg 

7  x  1017 

-0.5 

0 

2,4 

0  +  H  +  OH  »  20H 

5  x  1018 

in 

• 

o 

i 

0 

2,4 

0  +  H  +  HpO  ®  OH  +  HgO 

5  x  1O10 

-0.5 

0 

2,4 
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Table  12.  Reactions  Involving  Oxygen  Species  (Continued) 


Reaction 

At 

cc/ 

mole-sec 

n 

E, 

kcal/mole 

Refer¬ 

ence 

0  +  H"  -  e  +  OH 

c  m11 

5  x  10 

0.5 

0 

2 

0  +  H"  +  0"  +  H 

4  x  1011 

0.5 

0 

2 

o"  +  H  «  OH  +  e 

5  x  10U 

0.5 

0 

2 

0”  +  Hg  =  H  +  OH” 

5  x  1011 

0.5 

6 

2 

0  +  H  =  H  +  OH 

2 

h  x  1013 

0.0 

10 

37 

0  +  H20  =  20H 

4.2xl013 

0.0 

18 

41 

0"  +  OH  =  0  ♦  OH" 

5  x  10n 

o.5 

0 

2 

0"  +  *  OH  +  HgO 

1  x  1010 

0.5 

6 

2 

02  +  H  +  M  =  02H  ♦  M 

1  x  1015 

-0.5 

0 

2,26 

02  +  H  ■  OH  +  0 

2  x  10A 

0.0 

17 

26 

02"  +  H  =  OH  +  O' 

5  x  1011 

0.5 

6 

2 

02“  +  H  =  0  +  OH" 

5  x  10 

0.5 

6 

2 

02  +  H"  =  02"  +  H 

4  x  1011 

0.5 

0 

2 

o2  +  o2  »  o  +  o3 

1  x  1012 

0.0 

97 

5 

02  +  Hg  =  20H 

1  x  10111 

0.0 

70 

9,23 

02"  +  OH  =  OH"  +  Og 

4  x  10U 

0.5 

0 

2 

OH"  +  M  =  OH  +  e  +  M 

5  x  1013 

0.0 

10 

2 

OH+H+M-HgO  +  M 

4.5xl021 

-1.5 

0 

26 

OH  +  H  ♦  HgO  =  2HgO 

1.8x1c22 

-1.5 

0 

OH"  +  H  =  HgO  +  e 

1  x  1011 

0.5 

0 

2 
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Table  12.  Reactions  Involving  Oxygen  Species  (Concluded) 


Reaction 

A >, 
cc/ 

mole -sec 

n 

kcal/mole 

Refer¬ 

ence 

OH  +  H*  =  e  +  HgO 

5  x  1011 

0.5 

0 

2 

OH  +  H"  «  H  +  OH" 

k  x  1011 

0.5 

0 

2 

OH  +  2H  *  Hg  +  OH 

5  x  1018 

-0.5 

0 

2,19 

OH  +  Hg  -  H  +  HgO 

6  x  10U 

0.5 

5- 

38 

OH"  +  OH  **  HgO  +  0" 

1  x  10U 

0.5 

9 

2 

OH"  +  i^O*  =  2^0 

1  x  10U 

0.5 

0 

2 

HgO  +  H  -  OH  +  Hg 

2.9xlOU 

0.7 

18 

22 

HgO  +  2H  =  Hg  ♦  HgO 

5  x  1018 

-0.5 

0 

2 

H02  +  H  =  H2  +  02 

1  x  1011 

0.5 

6 

2 

H30+  +  e  =  HgO  +  H 

3  x  1015 

0.5 

0 

2,17 
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Table  13 .  Reactions  Involving  Hydrogen  Species 


Reaction 

Al 

cc/ 

mole -sec 

n 

kcal/mole 

Refer¬ 

ence 

2H  +  Hg  =  2H2 

5  x  1018 

-1.0 

0 

26 

3H  -  K0  +  H 

2  x  1019 

-1.0 

0 

2  6 

2 

211  +  M  =  Hg  +  M 

2  x  1018 

-1.0 

0 

26 

H  +  H~  =  e  +  Hg 

5  x  10U 

0.5 

0 

2 

H  +  e  +  M  =  H"  +  M 

1  x  1020 

-1.0 

0 

2 

H  +  H  +  Ho0  *  H  +  Ho0 
2,2  2 

1.5xl019 

-1.0 

0 

26 
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13  ABSTRACT 

A  compilation  of  gas-phase  rate  data  for  use  in  nonequilibrium  gas 
composition  and  propellant  performance  calculation  programs  is  presented. 
Reactions  are  listed  with  the  preexponential  factor,  temperature  exponent, 
and  activation  energy  for  the  Arrhenius  form  of  the  rate  equation.  Only 
undirectional  rate  data  are  supplied  since  reverse  rates  may  be  generated 
from  thermochemical  data.  Explanatory  notes  on  the  estimation  of  the 
rate  data  are  included  with  the  references. 
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